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SUMMARY OF HYDROLOGIC CONDITIONS
IN THE REEDY CREEK IMPROVEMENT DISTRICT, CENTRAL FLORIDA

By Edward R. German
ABSTRACT

The Reedy Creek Improvement District is an area of about 43 square miles in southwestern
Orange and northwestern Osceola Counties, A systematic program of water resources monitoring in
Reedy Creek Improvement Disrict and vicinity provided data for assessing the hydrologic effects of
the development of the Walt Disney World Theme Park and adjacent urbanization Data collected
include stream discharge, water quality, ground-water levels, lake levels, and climate.

The Reedy Creek Improvement District is an area of gbout 43 square miles in soutlwestern
Orange and northwestern Oscecla Counties, A systematic program of water resources momnitoring in
Reedy Creek Improvement District and vicinity provided data for assessing the hydrologic effects
of the development of the Walt Disney World Theme Park and adjacent urbanization Data collected
include stream discharge, water quality, ground-water levels, lake levels, and climate

Rainfall has been less than the long-term average in the Reedy Creek Improvement District
area since development began in 1968, Mean annual rainfall for the period 1B1-66 was 52.42
inches, based on records for nearby Kissimmee and Isleworth, Florida. At the end of September
1980, the accumulated rainfall deficit from the long-term mean since 1966 was nearly 95 inches in
the Reedy Creek Improvement District. The deficient rainfall has reduced stream discharge,
lowered ground-water and lake levels, and possibly affected water quality in the area

The anmual discharge of Reedy Creek near Loughman, Florida, was lower from 1970 through 1980
than from 1940 through 1959 (discharge was not recorded from 1960 through 1968) based on analysis
of double-mass plots of ammual discharge and rainfall, Also, periods of no-flow occurred fre-
quently from 1970 through 1980, and never occurred from 1940 through 1959, This reduction in
discharge may be related to basin alterations within the Reedy Creek Improvement District.

Ground-water levels and lake levels have declined since 1970, due to lack of rainfall and
possibly to ground-water pumping, However, the coincidence of below—average rainfall with the
period of development makes it impossible to assess the effect of pumping on declines

Dissolved oxygen and pH in surface waters were frequently lower than Florida Department of
Environmental Regulation criteria 'The low dissolved oxygen and pH are characteristic of water in
swampy areas and water retained by control structures, due to-the long contact time of water with
vegetative debris

Concentrations of taxic metals, including mercury, zinc, cadmium, copper, silver, iron, and
lead, periodically exceeded Florida Department of Environmental Regulation water—quality criteria,
but their pattern of occurrence probably is not related to urban development, Concentrations of
mercury, zinc, and cadmium exceeded criteria at five or more sites, and may be of atmospheric
origin,



Distribution of organic compounds in water, principally insecticides and herbicides, appears
to relate to urban development. Streams in undeveloped areas within and outside the Reedy Creek
Improvement District had the lowest frequency of organic compound detection, and streams, canals,
or lakes near, or receiving runoff from, resort areas had the highest frequency of detection.
Malathion, 2,4-D, and silvex were frequently present in waters near resort areas.

Specific conductance, phosphorus, and nitrate concentrations have increased in Reedy Creek
since 1970, probably due to disposal of treated wastes.

An estimated balance of dissolved solids, nitrogen, and phosphorus loads entering and leaving
an undeveloped area in the southern part of the Reedy Creek Improvement District indicated that
bulk precipitation may have supplied 45 percent of the nitrogen and 26 percent of the phosphorus
load each year during water years (October through September) 1979 and 1980. Treated wastes from
the Reedy Creek Improvement District facility contributed more than half of the phosphorus input.
About 18 percent of the dissolved solids, 45 percent of the nitrogen, and 59 percent of the
phosphorus input were apparently retained or assimilated within the area.



INTRODUCTION

The Reedy Creek Improvement District (RCID) is an area of about 43 miZ in
southwestern Orange and northwestern Osceola Counties (fig. 1). Construction
of the Walt Disney World complex in the RCID and commercial facilities on adja-
cent land changed uninhabited swampland and scrubby flatland to urbanized rec-
reational and commercial land. Increased demands on the water resources are
commensurate with this growth, particularly since October 1971 when the Theme
Park of the Walt Disney World complex opened.

Many of the activities in the RCID are water related. Bay Lake, a natural
shallow depression that contains an island, was drained, cleared of organic
bottom deposits, isolated by dikes from adjacent swamps, and refilled with
water from the Floridan aquifer. Seven Seas Lagoon was excavated and connected
to Bay Lake. Several water-course attractions were built in the Theme Park to
complete the lake complex. The total area of Bay Lake, the lagoon, and the
Theme Park water course is about 650 acres. Canals, levees, water-control
structures, and culverts provide surface drainage. The constant-head struc-
tures in the canals and streams automatically maintain a predetermined upstream
water level to keep lowlands from being inundated during storms and to curtail
excessive drainage of the surficial aquifer during dry periods.

The level and clarity of water in the Theme Park water courses are main-
tained by water from wells that tap the Floridan aquifer. Excess water from
the Theme Park water courses is used to maintain the levels of the lagoon and
Bay Lake. Water from the Floridan aquifer is used to irrigate a golf course,
lawns, and landscaped areas essential to maintain the esthetic value of 2,500
acres of recreational area. The Floridan aquifer also supplies water for the
daily needs of employees, visitors, and residents.

Wastewater is treated within the RCID, and part of the effluent from the
treatment plant is used to irrigate ornamental plant stocks. The remaining
effluent is discharged through oxidation and infiltration ponds and through
enclosed wetlands to Reedy Creek. Storm runoff from parking lots, roads, and
other impervious areas collects in canals which are linked to Reedy Creek and
Bonnet Creek.

Construction and operation of the Walt Disney World complex resulted in
major alterations of natural drainage, a demand for potable water, and a source
of waste products, all in an area of undeveloped wetlands. Potential problems
associated with this development involved all parts of the hydrologic system.

In 1966, the U.S. Geological Survey began a cooperative program with RCID
to monitor quantity and quality of surface water and ground water in the RCID
vicinity. The purpose of this program was to study effects of development on
the hydrology of the area, and to monitor hydrologic conditions over an extended
period of time.
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Purpose _and Scope

This report summarizes hydrologic conditions in the RCID from 1966 to
September 1980. Some data extend to May 1981 to document any significant
effects of a continuing drought. The following types of information are
discussed:

1. Rainfall amount,

2. Stream discharges,

3. Lake levels,

4., Potentiometric surface in the Floridan aquifer, and
5. Surface-water quality.

Putnam (1975) described hydrologic conditions for 1966-73 and effects of
development. This report updates that study using data obtained since 1973
but also includes new subject matter. Some data presented by Putnam, particu-
larly ground-water quality, are not repeated here because no additional samples
were collected.

Drainage Basin Features

The RCID is in the Reedy Creek drainage basin which is tributary to the
Kissimmee River (beyond area shown in map) in the south. Major tributaries to
Reedy Creek are Whittenhorse Creek, Davenport Creek, and Bonnet Creek. Cypress
Creek is tributary to Bonnet Creek (fig. 1).

Drainage of the RCID is generally poor. Low undulating hills and flat,
wide swampy valleys are characteristic features of the Reedy Creek basin. The
many lakes and swamps retain large quantities of water. Heavy rainfall fills
the surficial aquifer to land surface and water stands over a large part of the
RCID. Because drainage in the swamps and marshlands is poorly developed, water
remains in the basin for long periods before flowing to the creeks that drain
to the south.

Lichtler and others (1968, p. 32) estimated that about 70 percent of the
rainfall in Orange County returns to the atmosphere by evaporation and transpi-
ration. These losses may be greater than 70 percent in the RCID because much
of the land area is perennially wet. Parker and others, (1955, p. 513) state
that "The atmosphere is by far the most effective agent of land drainage,
disposing of several times as much as the waterway systems."

Drainage Basin Modifications

Since 1967, the drainage within the RCID has been altered. Canals, dikes,
and automatic flow-control structures now replace the previous ill-défined
swampy streams and valleys. The altered drainage system somewhat reduces
detention and shortens the time that seasonal surface storage is high. How-
ever, the overall drainage is still characterized by relatively slow runoff
rates and a high proportion of surface storage.



Ground water and surface water in the RCID are so closely associated that
any change, whether natural or imposed by man, may affect the hydrologic sys-—
tem. Several alterations to the land surface topography by the development of
Walt Disney World affect the water resources of the RCID.

Construction of buildings, streets, and other impervious surfaces prevents
infiltration of rainfall into the ground and causes water to run off rapidly.
A system of canals has been constructed to protect the RCID from floods with a
recurrence interval of 50 years. This system consists of 44 miles of canals
and 19 miles of dikes constructed in low-lying lands to control inflow from
parts of the drainage basin upstream and outside the RCID. Dikes direct the
inflow into the canals where gated structures or spillways control flow into
the RCID. This drainage system was designed to protect lowlands from inunda-
tion during storms and to curtail excessive drainage of the shallow aquifer
during dry periods. These facilities have provided adequate surface and sub-
surface drainage to thus far (198l) permit development of approximately 9,800
acres. .

The modification of the 450-acre Bay Lake began in December 1968 with
construction of a dike around the lake to prevent inflow of colored swamp
water. The lake was then drained and kept dry until September 1970 by pumping
seepage into Bonnet Creek through a gated spillway at the southeast part of the
lake. While the bottom was dry, organic bottom sediments were removed to expose
a relatively clean sand bottom. The l175-acre Seven Seas Lagoon was excavated
southwest of Bay Lake and several water—course attractions in the Theme Park
just north of the lagoon were also constructed. A gated outlet structure was
installed at the northwestern part of the lagoon. From September 1970 through
June 1971, the lake-lagoon complex was filled with water from wells in the
Floridan aquifer. Since June 1971, the complex has been maintained at the
design level of 94.5 feet.

The RCID pumps about 7 Mgal/d for use in the Walt Disney World Theme Park
and other Walt Disney developments. Pumping is distributed among 11 wells
positioned in the northern part of the RCID to control drawdown of the poten-
tiometric surface in the immediate vicinity of the Theme Park. Some drawdown
is desirable to prevent seepage of water into utility and Theme Park opera-
tional support facilities underlying the park, but excessive drawdown is unde-
sirable because of the risk of land subsidence and sinkhole formation.

~

Wastewater

Wastewater receives primary and secondary treatment at the sewage treat-
ment plant in the RCID. Disposal of effluent is accomplished in three differ-
ent ways as follows:

1. Spray irrigation--a fixed irrigation system is utilized in production of
ornamental plant stocks for landscaping in the Theme Park and on Walt
Disney World property. An average of 0.371 Mgal/d of waste effluent
was dispersed in this manner in 1978 (Harden, 1980).



2. Oxidation pond, infiltration pond--a 5.2-acre oxidation pond receives
waste effluent from the treatment plant and discharges into a system
of three 2-acre infiltration ponds. The infiltration ponds are under-
drained by a circuit of pipe 150 feet from the infiltration pond peri-
meter which discharges into a 25-acre swampy area enclosed by a levee.
Outflow from the swamp is over a weir into a swampy area adjacent to
Reedy Creek. In 1978, an average of 0.716 Mgal/d of waste effluent was
disposed of through this system (Hardem, 1980).

3. Overland flow-~effluent from the waste treatment plant is discharged into
a 102-acre, enclosed swampy area, which overflows a weir into canal L-410
at the confluence of this canal with L-405 (fig. l). An average of 2.078
078 Mgal/d of effluent were treated in this manner in 1978 (Harden,
1980).

Another wastewater treatment plant is located near Reedy Creek. This
facility, the Osceola Services sewage treatment plant (fig. 1) serves commer-
cial developments along Highway 192, west of Reedy Creek. In 1978, the plant
capacity was 0.5 Mgal/d using percolation ponds to dispose of treated waste-
water with no direct discharge to Reedy Creek. However, according to written
communications in the files of the Florida Department of Environmmental Regula-
tion, overflows of raw or treated wastes occurred on a few occasions prior to
1979, and could have affected water quality in Reedy Creek. Also, seepage from
the percolation ponds into the surficial aquifer and then into the creek could
occur, though the amounts, quality, and effect of the seepage (if it occurs)
have not been determined.

In 1981, the RCID area was in a state of additional extensive development.
Construction of Walt Disney World's EPCOT (Experimental Prototype Community of
Tomorrow) is a project of similar magnitude to the original development of the
Theme Park and resort hotel areas. Additional waste-disposal and water-supply
capacity is under construction. Outside the RCID, other tourist-related
development is expected. These developments probably will greatly increase
demands on the hydrologic system.



HYDROLOGIC CONDITIONS
Climate
Summary

Climatological conditions were monitored at a station on the north shore
of Bay Lake.

Summaries of data on rainfall at this station are given in figure 2 for
the period July 1966 through September 1980, and for air temperature and pan
evaporation for the period October 1972 through September 1980.

Freezing or below freezing temperatures occurred during December, January,
February, and March; the lowest temperature was 22°F. High temperatures of
100°F occurred during May and July. The median daily high temperatures show
that temperatures above 70°F are common in the winter. Temperatures are
consistently high from May through September--median daily high temperatures
range from 89°F to 92°F for these months.

Pan evaporation is lowest in December and January and increases from these
winter lows with the onset of warmer weather. Highest evaporation rates occur
during the warmest months. July evaporation is generally lower than June and
August evaporations, perhaps because of more cloud cover during July.

Monthly rainfall for July 1966 to September 1980 at Bay Lake ranged from
0.1 inch or less to 16.26 inches. The median monthly rainfalls show that the
period May to September are generally the wettest months. About 66 percent of
the yearly rainfall occurred from May through September. August was generally
the wettest month and November the driest.

The cumulative distribution of daily rainfall plotted in figure 2 shows
that most rain falls in relatively small amounts and that a few days had heavy
rainfall. For example, 75 percent of the days with rainfall had 0.54 inch or
less rainfall and 10 percent of the days had more than 1.18 inches. Maximum
daily rainfall was 4.03 inches.

Trends

Variation in rainfall affects the entire hydrologic system and therefore
affects streamflow, lake levels, ground-water levels, and water quality. It is
necessary to consider variations in rainfall in assessing causes for variation
in hydrologic conditions.

Long—-term records of rainfall are available for two stations near the RCID.
These two stations, both operated by NOAA (National Oceanic and Atmospheric
Administration), are at Kissimmee (about 12 miles southeast of Bay Lake) and
Isleworth (about 7 miles northeast of Bay Lake). Annual rainfall at these two
stations from 1931 through 1980 (water years) is shown in figure 3. Rainfall
at Bay Lake from 1967 through 1980 is also shown in figure 3. 1In order to
compare rainfall during the period of RCID development and operation with long-
term, pre-RCID rainfall, the mean annual rainfall for the period 1931 through
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1966 was computed from the mean rainfall for Kissimmee and Isleworth. The
computed mean rainfall for 1931 through 1966 at these two locations was 52,42
inches per year and is hereafter referred to as the long-term mean rainfall.

Figure 3 shows that annual rainfall over the 50-year period (1931 through
1980 water years) ranged from about 33 inches in 1961 to nearly 80 inches in
1960, based on mean rainfall for Kissimmee and Isleworth. Prior to and includ-
ing 1966, 15 of 36 years (42 percent) had mean rainfalls in excess of the long-
term mean; since 1966, only 3 of 14 years (21 percent) had mean rainfall in
excess of the long-term mean. Records for Bay Lake (fig. 3) show 4 of 14 years
(29 percent) in which rainfall exceeded the long-term mean.

Trends in rainfall are more noticeable when annual departures from the long-
term mean are accumulated and plotted. A plot of cumulative rainfall departure,
using 52.42 inches as the long~term mean, is given in figure 3. Departure of
rainfall at Bay Lake from the long-term mean is also shown. Major features
shown by the departure graph are the wet years of 1957, 1959, and 1960 which
changed the accumulated rainfall departure from about a 35-inch deficit to a
25~inch excess, and the continuing accumulated-rainfall deficit since 1966.
Rainfall deficiency at the end of 1980 had accumulated to nearly 85 inches (6.1
in/yr) based on the mean of Kissimmee and Isleworth rainfall, and nearly 95
inches (6.8 in/yr) at Bay Lake.

The graphical presentation of rainfall trends shown in figure 3 is some-
what dependent upon the definition of the long-term mean, because the rainfall
departure will always be zero at the two ends of the period used to define the
long-term mean. A more absolute way to depict trends in rainfall is through
the use of a mass or accumulation curve, as shown in figure 4. Rainfall in
excess of 30 inches is accumulated through water years 1931 through 1980. The
datum of 30 inches is arbitrary and is used to make the graph more sensitive
to changes in rainfall by reducing the range of the ordinate scale. Figure 4
shows that the slopes of the lines drawn through accumulated rainfall prior to
and after 1960 are different, and that the lesser slope, indicative of a
pattern of lower rainfall, is for the period 1961 through 1980.

The amount of rainfall in the RCID area was relatively low in recent years
compared to rainfall during the 30-year period from 1931 through 1961, The
period of development and operation of the RCID is therefore characterized by
a pattern of relatively low rainfall. This pattern undoubtedly has been a con-
tributing or dominant factor in the hydrologic trends that have occurred.

Streams
Hydrologic Description
Bonnet Creek, Cypress Creek, Davenport Creek, Reedy Creek, and Whittenhorse
Creek are the major streams in the RCID and vicinity. The drainage area and
period of discharge for stations on these streams are given in table 1.
The Cypress Creek basin lies northeast of the RCID (fig. 1). Cypress

Creek originates at Lake Sheen (fig. 1), about 2 miles northeast of Bay Lake,
and flows southward through a flat swampy valley about 0.5 to 0.75 mile wide.

11
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Table 1.—Drainage area and period of discharge record for Reedy Creek Improvement
District area streams

Station Drain—

identifi- age
Site cation Station name arfa Period of discharge record
No. No. mi
4 02264000 Cypress Creek nr Vineland 30.3 October 1945 to September 1984
5 0224100 Bomet Creck nr Vineland 5.1 October 1966 to September 1984
8 02266200 Whittenhorse Creek nr Vineland 12.4 Do.
11  022%6300 Reedy Creek nr Vineland 75.0 Do.
12 02266480 Davenport Creek nr Loughman 3.0 October 1%9 to September 1984
13 022%6500 Reedy Creek nr Loughman Undetermined October 199 to September 1959,

October 1968 to September 1984

Streamflow in Cypress Creek is partially dependent upon outflow from Lake
Sheen and connected lakes which form the Lake Butler chain, and flow will
cease for weeks or even months during periods of scanty rainfall. Cypress
Creek flows into the RCID and is tributary to Bonnett Creek.

The Bonnet Creek basin includes Cypress Creek and an additional 25.8 mi?
within the RCID. The part of Bonnet Creek within the RCID was extensively
modified. Numerous canals were constructed to provide for surface drainage of
areas that include a shopping and hotel complex at Lake Buena Vista (fig. 1).
Outflow from Bay Lake is directed into Bonnet Creek. Gated structures were
installed in the channel of Bonnet Creek to retain water in the channelized
reaches, to prevent excessive dewatering of adjacent areas. Bonnet Creek flows
into an undeveloped area south of State Highway 192 (fig. 1). Most discharge
from this area flows through structure 40 at the south boundary of the RCID and
into Reedy Creek. An undetermined amount of water is released eastward through
gated culverts in the north-trending levee south of State Highway 192 (fig. 1).
These culverts are manually controlled to maintain levels in the upper part of
the wetlands area favorable to the native vegetation.

The Whittenhorse Creek basin west of the RCID is flat and swampy, with
areas of higher ground utilized for citrus production. The basin is undevel-
oped except for the citrus groves. Whittenhorse Creek flows into a canal along
the northwest RCID boundary; gated structures on this boundary canal can admit
water to the headwaters of Reedy Creek.

The Davenport Creek basin is southwest of the RCID, and like the Whittenhorse
Creek basin, consists of a flat, swampy area with areas of higher ground utilized
for citrus production. The basin is undeveloped except for the citrus groves.
Davenport Creek flows into the southwestern part of the RCID undeveloped area.

The Reedy Creek basin is the major basin of the RCID, and conveys most
surface drainage from the RCID. An area of 44 miZ lies outside the RCID to
the west and is in the headwaters of the basin near Reedy Lake (fig. 1). The
upper part of the basin that is in the RCID has been altered by construction
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of drainage canals and gated control structures. The stream is mostly in the
original natural channel from about 1.9 miles north of State Highway 192 to the
gated structure 40 at the south boundary of the RCID. Reedy Creek receives
treated waste effluent from overland flow areas near canal 410 (fig. 1). Run-
off from the Theme Park and parking lot reaches Reedy Creek about 0.3 mile
north of the gated structure 405 (fig. 1) after passing through a system of
canals and detention ponds. Discharge through structure 40 into the Reedy
Creek channel south of the RCID includes most of the surface drainage from the
RCID and includes discharge from the watersheds of Bonnet Creek, Cypress Creek,
Davenport Creek, and Whittenhorse Creek.

There are two gaging stations on Reedy Creek, at Highway 192 (site 11),
and at State Highway 17-92 (site 13) (fig. 1 and table 1). The station at
Highway 192 is downstream from all points of discharge and developed area of
the RCID, and represents inflow from Reedy Creek to the undeveloped area of the
RCID. The station at Highway 17-92 includes most drainage from the RCID, plus
drainage from an undetermined part of the swampy area east of the RCID
boundary.

Streamflow Characteristics

Flow duration curves of daily discharge for streams in the RCID area are
shown in figure 5. These duration curves show the percentage of days of record
with a lower daily discharge. The shape of the duration curves for natural
streams is determined by the hydrologic and geologic characteristics of the
drainage basin (Searcy, 1959). Curves with steep slopes throughout denote
highly variable streams with little storage. A flat slope at the low-discharge
end indicates flows sustained by ground-water or surface-water storage, and a
flat slope at the high-discharge end indicates a large amount of flood-plain
storage or swampy areas. Duration curves for streams or canals with water-
level control structures may be affected by variation of the gate settings.

Bonnet Creek, Cypress Creek, Reedy Creek (near Loughman), and Whittenhorse
Creek have similar low-flow duration characteristics in which the slope of the
low-discharge end of the curves is relatively steep. The steep slope indicates
a lack of storage for sustaining low flows. Control structures on Reedy Creek
and Bonnet Creek may be responsible in part for these low-flow characteristics.
Gates open at high stages to permit discharge of runoff; when water levels
drop, the gates close to retain water in the stream channels. This retention
of water could decrease the apparent low-water storage of the basins. The
Whittenhorse Creek basin is undeveloped except for citrus groves. Therefore,
the small amount of storage for sustaining low flows in Whittenhorse Creek is
probably a natural feature of the watershed, though the effect of ground-water
withdrawal for citrus irrigation on the hydrology of Whittenhorse Creek has not
been investigated.

Davenport Creek has a more sustained low flow than the other streams. The

low flows are sustained by surface-water and ground-water storage, and perhaps
by upward leakage of water from the Floridan aquifer.

14
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The discharge of treated wastes to Reedy Creek has changed the low-flow
duration characteristics at the gaging station near Vineland. Comparison of
the duration curve for the period of record (water years 1967 through 1980)
with the curve for the period of waste discharge (1971 through 1980) shows that
waste discharge now maintains discharge during periods when the stream would
otherwise be dry.

High-flow characteristics are similar for all streams, indicating similar
flood-plain storage characteristics. This is an indication that the impervious
areas (parking lots, paved walkways, and so forth) of the Walt Disney develop-—
ments are probably not extensive enough to affect the high-flow hydraulic char-
acteristics of the Reedy Creek and Bonnet Creek watersheds to a significant
degree. Also, changes in high-flow characteristics may be offset by the storage
created by the system of canals and structures within the stream systems.

Changes in Streamflow Characteristics

Annual mean discharges for the periods of record of streams are shown in
figures 6a and 6b. Rainfall departure from the long-term mean is also shown
for comparison of rainfall and streamflow trends.

Cypress Creek (fig. 6a) and Reedy Creek near Loughman (fig. 6b) have rel-
atively long periods of streamflow record. The annual mean discharges of the
streams have been consistently lower since 1971 than for prior periods. The
low discharge corresponds with below—average rainfall during the same period,
and any effects of development on annual streamflow during this period are
likely to be overshadowed by the effects of the dry weather.

Patterns and trends in the streamflow-rainfall relation can be illustrated
using double-mass plots, in which accumulated annual streamflow is plotted
against accumulated annual rainfall. If rainfall used in these plots is
representative of the stream basin, and if basin characteristics such as
contributing drainage area do not change, the double-mass plot of streamflow
against rainfall should have a constant slope throughout the period of record.

A double-mass plot of annual mean discharge at Cypress Creek and rainfall
in excess of 30 inches, averaged for Isleworth and Kissimmee, is shown in
figure 7. The datum of 30 inches for rainfall is used to make the plot more
sensitive to changes in the discharge-rainfall relation by reducing the range
of the rainfall axis. Figure 7 shows that the rainfall-discharge relation is
not constant, and that periods of relatively steep slope (greater amount of
discharge for a given rainfall amount) alternate with periods of small slope
(lesser amount of discharge for a given rainfall amount). Assuming rainfall
used in figure 7 is representative of the basin, the changing slope indicates
that contributing drainage area probably changes from year to year, in
response to rainfall and outflow from the Lake Butler chain of lakes. During
dry periods, outflow from the Lake Butler chain into Cypress Creek ceases, and
that part of the basin is noncontributing to streamflow at the Cypress Creek
gaging station. Since 1961, flow in Cypress Creek has generally been low in
relation to rainfall, probably in response to the relatively low amounts of
rainfall and periods of no outflow from the Lake Butler chain. Contributing
to less streamflow is the lowering of the potentiometric surface of the Floridan
aquifer during dry years. A lowering of the potentiometric surface will increase
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rates of seepage from the lakes to the aquifer, and decrease amounts of water
available to Cypress Creek. Pumpage from the Floridan aquifer for domestic use
and irrigation may have affected the streamflow by lowering the potentiometric
surface of the Floridan aquifer, but the effect of withdrawals on potentiometric
surface levels and seepage is unknown.

A double-mass plot of annual mean discharge versus rainfall is shown in
figure 8 for Reedy Creek near Loughman. This figure shows that the discharge-
rainfall relation was relatively constant from 1940 through 1959. Discharge
was not measured from 1960 through 1968. From 1970 to 1980 discharge was low
in relation to rainfall, compared to the 1940 through 1959 period. This lower
discharge in the later period is probably due in part to the alterations of the
basin by the development in the RCID. Retention of water by structures increases
evaporation, and water released eastward from the undeveloped area south of State
Highway 192 could have bypassed the Loughman station. It is also possible that
parts of the Reedy Creek watershed become noncontributing during dry years when
storage capacity of swampy areas exceeds rainfall amounts.

The quantity of water released eastward from the RCID undeveloped area
(south of State Highway 192) was estimated by using a water balance for the
undeveloped area. Inflow to this area from Reedy Creek, Bonnet Creek, and
Davenport Creek is measured, and these streams contribute most of the inflow.
Water discharged at the Reedy Creek near Loughman gaging station is mostly
outflow from the undeveloped area.

Table 2 shows that discharge at Reedy Creek near Loughman exceeded the
inflow from Reedy Creek, Bonnet Creek, and Davenport Creek from 1969 through
1971 by about 21 to 66 percent. This extra inflow is probably due to rainfall
and unmeasured inflow to the undeveloped area, and to inflow to Reedy Creek
from east of the RCID. The culverts for releasing water eastward were installed
in 1972. From 1972 through 1979, mean annual discharge at Reedy Creek near
Loughman was less than the combined inflows from Reedy Creek, Bonnet Creek, and
Davenport Creek by 22 to 63 percent. Measured inflow and outflow were nearly
equal during 1980, perhaps due to the low amount of rainfall that made drainage
of the wetlands through the culverts insignificant.

A comparison of inflow and outflow prior to and after the installation of
the culverts shows that the difference between outflow (measured at Reedy Creek
near Loughman) and measured inflow to the undeveloped area changed from about
17 £t3/s excess outflow to about 23 ft3/s excess inflow. These average figures
were computed excluding 1970, a high-runoff year, and 1980, a dry year, because
these two years are probably atypical of usual conditions. The comparison
indicates the quantities of water released eastward from the RCID undeveloped
area, and shows that an average of about 40 ft3/s bypassed the gaging stations
on Reedy Creek near Loughman most years, though destination of the water
released eastward has not been determined.

Development in the RCID has caused changes in low-flow chracteristics of
Reedy Creek. Figure 9 shows annual rainfall and the annual number of days with
no flow in Cypress Creek and Reedy Creek. Flow in Cypress Creek has ceased for
varying periods nearly every year since record began in 1946; Reedy Creek near
Loughman (site 13) had periods of no flow only in 1970 and later years, though
flow has not ceased at Reedy Creek near Vineland (site 11, upstream from
Loughman) since 1968. Inflow of treated wastewater to Reedy Creek augments
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Table 2.--Annual mean discharge to and from the Reedy Creek Improvement District
undeveloped area

Discharge, in cubic feet per second

Sum

Source of inflow of Difference
Year Bormet Creek Davenport Creek Reedy Creekl/ inflow Outflow?/ Outflow-Inflow Percent

1969 19.4 3N1.4 25.1 55.9 67.7 11.8 21

1970 44.3 31.0 64.6 139.9  182.0 42.1 33
1971 13.6 5.5 15.9 35.0 58.2 3.2 66
1972 16.6 5.4 32.2 54.2 38.2 -16.0 =30
1973 11.9 1.9 32.3 52.1 19.1 -33.0 63
1974 2.4 7.8 34.4 64.6 4.1 -21.5 =33
1975 21.7 4.5 2%.1 52.3 19.6 -32.7 63
1976 28.8 5.6 25.3 59.7 33.2 -26.5 44
1977 18.8 5.7 16.0 40.5 18.8 =21.7 =54
1978 %.9 9.8 32.0 68.7 8.7 -15.0 -22
1979 27.9 10.9 29.3 68.1 46.9 -21.2 =31
1980 17.6 5.7 2.1 47.4 4%6.7 0.7 -1

lfhkasured at Reedy Creek near Vineland (site 11).
Measured at Reedy Creek near Loughman (site 13).
3/Estimated from regression with Whittenhorse Creek.

streamflow near Vineland, and provides flow when the stream would otherwise
probably be dry. Retention of water in the undevelcped area, and release of
water eastward from this area, results in periods of no flow in Reedy Creek
immediately downstream from the RCID boundary (site 13).

The effect of water-level control structures on flow characteristics of
Reedy Creek near Loughman is shown in figure 10, in which selected hydrographs
for rainless (or nearly rainless) periods before and after RCID development are
plotted. The hydrographs before development show a smooth recession curve
characteristic of an unregulated stream; those after development have more
abrupt declines, especially at a discharge of about 50 £t3/s (probably caused
by closing of the gates as water levels fall).

Lakes
Summary
Lake stages have been recorded for four lakes in the RCID area. Daily
lake stages are available beginning in 1962 at Lake Butler, 1969 at South Lake,

and 1967 at Bay Lake. Bimonthly observations of lake stage are available at
Lake Bryan, beginning in 1969. Locations of the lakes are shown in figure 1.
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The range and seasonal variation in the lake stages are shown in figure 11
for October 1971 through September 1980. Daily mean lake stage is summarized
except for Lake Bryan. The bimonthly record at Lake Bryan does not define lake
stage variation as precisely as daily records, but are adequate to approximate
lake-stage variation because the stages generally do not change rapidly.

Monthly variations in maximum and minimum lake stages from October 1971
through September 1980 generally differ by only 1 to 3 feet. Variation in
stage is less at Bay Lake than at other lakes because the lake is regulated by
gates to release excess water, and by inflow from Theme Park waterways during
dry periods.

Trends

Stage hydrographs for lakes in the vicinity of the RCID are shown in
figure 12. Apnual mean lake stage at Lake Butler declined about 2.3 feet from
1970 through 1980. South Lake declined about 0.5 foot and Lake Bryan declined
about 0.2 foot during the same period. Draining of Bay Lake began in December
1968, and since 1972 the lake has been maintained at about the 94.5 foot level.
The greater decline in lake stage in Lake Butler, compared with South Lake and
Lake Bryan, may be due to the combined effects of withdrawal of ground water
within the RCID, the Orlando area, and citrus groves near Lake Butler. Ground-
water withdrawal can affect lake stages by increasing the potential for down-
ward leakage from lakes to the Floridan aquifer. The effect of the various
sources of ground-water withdrawal on potentiometric surface in the RCID area
has not been established, and quantitative data on agricultural withdrawals are
needed to evaluate aquifer response to these withdrawals.

Floridan Aquifer

Summary

The configuration of the potentiometric surface of the Floridan aquifer in
May 1981 is shown in figure 13. This figure indicates that the general direc-
tion of water movement near the RCID is from west to east, and that the gradi-
ent of the potentiometric surface is about 10 feet per mile or less.

Figure 14 shows water-level fluctuations in wells representative of the
Floridan aquifer in and near the RCID. Well 7 (fig. 13) is in the RCID and is
probably in the cone of depression formed by Floridan aquifer pumpage in the
RCID. Well 5 is in a citrus grove area west of the RCID (fig. 13) and is
probably not affected by withdrawals in the RCID, but may be periodically
affected by pumpage for irrigation. Both wells show that the potentiometric
surface declines in the normally dry spring season and rises in summer. Sea-
sonal fluctuations average less than 2 feet at both wells, but are greater at
well 7 than at well 5, probably because well 7 is closer to RCID supply wells.
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Figure 12.--Annual maximum, mean, and minimum lake stages, Lake Butler,
South Lake, Bay Lake, and Lake Bryan. :
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Trends

Hydrographs for Floridan aquifer wells with long periods of record in the
RCID and vicinity are shown in figure 15. These wells (for locations see
fig. 13) are cased at least to the top of the Floridan and are 435 feet or less
in depth. The mean rainfall of Kissimmee and Isleworth is included in figure 14
for comparison of rainfall trends with potentiometric surface changes.
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Figure 15.--Hydrographs for Floridan aquifer wells and rainfall in the Reedy
Creek Improvement District area——Continued.
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Six of the wells shown in figure 15 have water-level records as early as
1931, though none were measured every year. The hydrographs show that water
level has fluctuated seasonally and that there is no evidence of a continuing
trend toward either a higher or a lower potentiometric surface during the
period 1931 through 1960. The highest water levels during the 50-year period
beginning in 1931 were probably in 1960, in response to the relatively high
rainfall in 1957, 1959, and 1960. The hydrographs in figure 15 show that since
1960 water levels in most wells trend downward, but in some wells the downward
trend is relatively slight.

Downward trends in water levels were least at wells 1, 2, 3, and 5--less
than 10 feet from May 1961 through May 198l. These wells are in undeveloped
areas and are in or near areas of high recharge; these two factors probably are
the reason for the relatively slight decline in the water levels that describe
the potentiometric surface.

The remainder of the hydrographs plotted in figure 15 show water level
declines of as much as 30 feet from May 191 through May 198l. These wells,
located closer to developed areas, are generally between the RCID, Kissimmee,
and Orlando. The water-level decline in these wells is probably due to defi-
cient rainfall and combined withdrawal of water by municipalities and agricul-
tural operations.

Well 7 is the closest of the Floridan aquifer observation wells to the
points of withdrawal for the RCID water supply. The hydrograph for well 7
shows that the water level has declined, but since the opening of the Theme
Park in 1971, the decline has been relatively slight. Some of the decline
prior to 1971 may have been due to pumping from the Floridan aquifer for
development of the supply wells and for the refilling of Bay Lake in 1970.

It is not possible to quantify the amount of decline of the potentiometric
surface of the Floridan aquifer due to pumping in the RCID. This is because
the period of withdrawal, starting with urban development of the area in 198,
corresponds with a period of below-average rainfall. Also, the amounts of
water withdrawn for other uses, including irrigation of citrus groves near the
RCID, has not been determined. However, the decline of the potentiometric
surface in the vicinity of the RCID, as indicated by record for well 7, is
apparently no more than at many other locations in the surrounding area.
Therefore, pumpage in the RCID has probably not had a widespread effect on the
potentiometric surface of the Floridan aquifer in the surrounding areas, or at
least has not noticeably lowered the potentiometric surface more than other
withdrawals in the area north and northeast of the RCID.
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WATER QUALITY

The data summaries and conclusions presented in this section are based
primarily on periodic sampling from October 1971 through September 1980 at 13
surface-water sites in the RCID and vicinity; and thus, represent water—quality
conditions after completion of most development, and opening of the Theme Park
and related developments. A four-parameter water—quality monitor provides
hourly measurements of specific conductance, water temperature, pH, and dis-
solved oxygen at Reedy Creek near Vineland (site 11). This hourly record,
which began in July 1976, provides much more detailed information on short-
term variations in water quality than do the periodic samples.

Data for specific conductance, nutrient concentrations, and dissolved
oxygen are available for some sites prior to development of the RCID. The
historical data can be used to assess changes in water quality with time, some
of which are probably related to development and operation of the RCID. The
time~trend analysis of water—quality data is presented in a later section of
this report.

A brief description of the water—-quality sampling sites is given in
table 3, with a site number used to show the locations in figure 1. Also given
in table 3 is the station identification number used for storage and retrieval
of all hydrologic data in the U.S. Geological Survey computer data base.

Table 3.--Description of water quality sampling loctions

Site Station
and map identif}cation Description
No. No.=
1 282442081352600 Outflow from Seven-Seas Lagoon
2 02263851 Outflow from Bay Lake
3 02263869 Outflow from South Lake
4 02264000 Cypress Creek
5 02264100 Bonnet Creek
6 02266291 Canal upstream from structure S-405A
7 02266294 Canal downstream from structure S-405
8 02266200 Whittenhorse Creek
9 02266295 Canal upstream from structure S-410
10 282135081345500 Canal downstream from L-410 canal inflow
11 02266300 Reedy Creek (near Vineland)
12 02266480 Davenport Creek
13 02266500 Reedy Creek (near Loughman)

1 . .
= Identifier for computer data storage and retrieval.
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Sites 1, 2, and 3 represent outflow from lakes in or adjacent to the RCID.
Sites 1 and 2 are within the Theme Park complex and represent outflow from lakes
heavily used for swimming, boating, and other forms of recreation. Hotels,
swimming areas, marinas, and gardens are on the shorelines of Bay Lake and
Seven Seas Lagoon. Sites 4, 8, and 12 are on streams flowing into the RCID
from surrounding wetlands (Cypress Creek, site 4) or agricultural areas (Whit-
tenhorse Creek, site 8); Davenport Creek, site 12). Sites 6 and 9 are on the
canal system constructed to provide drainage of undeveloped parts of the RCID
upstream from the developed areas. Site 5 is on a channelized section of Bonnet
Creek, which receives inflow from several drainage canals, storm runoff from
developments at Lake Buena Vista, overflow from Bay Lake and South Lake, and
inflow from Cypress Creek. Site 7 is on a canal downstream from a golf complex
and downstream of the inflow from holding ponds which detain storm runoff from
the main parking area. Site 10 is downstream from sites 7 and 9 and about 0.2
mile downstream of the canal L-410 inflow and the discharge of treated wastes
contained in the 102-acre overland-flow treatment process. Site 1l is on the
natural Reedy Creek channel downstream from site 10 and both points of treated
wastes discharge. Site 13 is downstream from the south boundary of the RCID
and represents all surface discharge from the RCID except that diverted east-
wards from the undeveloped area.

A summary of selected water—quality data is given for each of the 13
surface-water sites in the Supplemental Data section of this report. The
summary includes period of record, number of samples, and maximum, mean,
median, and minimum values for each of the selected parameters.

Major Constituents and Properties

The major constituents in water include the cations calcium, magnesium,
sodium, and potassium, and the anions bicarbonate, chloride, and sulfate. The
constituents are derived mostly from natural processes that include the disso-
lution of rock and soil and, generally some atmospheric deposition. Waste dis-
charge and runoff from developed areas can affect the balance of the major
dissolved constituents in a receiving body of water.

Major constituent concentrations, properties, and constituent ratios in
water may be an indication of the source of the water and the hydrology of a
watershed. For example, water from the Floridan aquifer in the RCID area is
predominantly a calcium and bicarbonate type with low concentrations of sodium,
potassium, sulfate, and chloride. Lichtler and others, (1968) reported spe-
cific conductance to range from 150 to 200 umhos/cm (micromhos per centimeter
at 25° Celsius). Rainfall has a relatively low specific conductance but con-
tains more of a mixture of constituents than water from the Floridan aquifer.
Bulk precipitation samples (rainfall plus dry fallout) collected in the central
Florida area at Maitland, Fla., (about 5 miles north of Orlando) from July 1972
through September 1978 had a mean specific conductance of 23 umhos/cm and none
of the major cations or anions accounted for more than 45 percent of the mean
concentration on a chemical equivalent basis (Irwin and Kirkland, 1980). Water
from a swampy watershed in which the water is in contact with decaying plant
debris for long periods of time is acidic, has a low bicarbonate concentration,
and is highly colored due to leaching of organic materials from the plant
debris.
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Waste effluent and runoff from agricultural areas may affect the chemical
makeup and properties of the receiving waters by adding constituents to the
water. Domestic wastes contain the constituents in the treated water supply
and additional sodium, chloride, nitrogen, and phosphorus species, from the
wastes. Agricultural runoff may contain leachates from fertilizers and soil
conditions and may have relatively high concentrations of calcium, magnesium,
sulfate, chloride, nitrogen, and phosphorus.

Major constituent ratios for surface water in the RCID area are shown in
figure 16 (sites 1-13). Also plotted in figure 16 is an analysis for a sample
from one of the RCID supply wells (site 14), which taps the Floridan aquifer,
and is typical of Floridan aquifer water.

Major dissolved constituents in water from the sites varied widely. The
surface-water sites (sites 1-13) are in two general categories——four sites with
water having a very low bicarbonate percentage (high sulfate and chloride per-
centage), and the remaining sites with bicarbonate concentrations accounting
for at least 38 percent of the anion equivalent concentration.

Sites 3, 4, 6, and 8 represent water from areas upstream of RCID develop-
ment. The low bicarbonate percentages are indicative of a swampy watershed
with little or no inflow of water from the Floridan aquifer. At site 6, the
water is stagnant much of the time, and in contact with accumulated plant
debris; this condition contributes to an acidic water with a low bicarbonate
concentration.

Bicarbonate accounts for at least 38 percent of the anionic composition at
the other sites, probably because of some inflow of water from the Floridan
aquifer. Sites 1, 2, 5, and 7 receive Floridan aquifer water because of out-
flow of water from Seven Seas Lagoon and Bay Lake. Water from the Floridan
aquifer is used to maintain stages in these two lakes during dry periods.

Sites 10, 11, and 13 are downstream from a source of treated wastes that are
conveyed through the collection and treatment system by water from the Floridan
aquifer. Sites 9 and 12 have no known direct inflow of Floridan aquifer water.
However, upward seepage from the Floridan aquifer into the stream or canals
upstream of the sampling points may occur, or seepage from the surficial aqui-
fer may be, in part, Floridan aquifer water which has entered the aquifer
following irrigation of the surrounding citrus groves.

A summary of selected water—-quality parameters is shown in figure 17.
These parameters help to illustrate differences in the hydrology of the streams
or canals.

Specific conductance, a function of dissolved solids concentration, is not
widely variable among the 13 sites, as shown by the relatively small range in
median values. Median specific conductance ranged from 95 umhos/cm at site 8
to 169 umhos/cm at site 7. The range in specific conductance was greatest at
site 4 and site 11. The highest specific conductance was 300 umhos/cm at
site 4. The greater range in specific conductance at site 4 (Cypress Creek)
probably is related to the fact that relatively high specific conductance water
ovrflows into Cypress Creek swamp from the Butler chain. At site 11, the
variation in specific conductance is probably due to relative amounts of
treated wastes (higher specific conductance) and storm runoff (lower specific
conductance) in the stream.
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PERCENT OF TOTAL MILLIEQUIVALENTS PER LITER
(SURFACE WATER SITES EXCEPT AS INDICATED)

Figure 16.--Mean major-constituent ratios in waters in the Reedy Creek
Improvement District area, October 1979 through June 198l.

Lowest median pH (less than 4.4 units) occurred at sites 4, 6, and 8. These
sites also had the highest median color (320 or greater platnium-cobalt units,
see fig. 17). The combination of low pH and high color is indicative of water
standing in contact with organic debris for extended periods. Site 3 has had a
relatively low pH (median pH of 5.0 units) and a low color (median color of 20
units). The low color is an indication that the water at site 3 is not affected
by contact with organic debris, thus the relatively low pH is probably due to the
acidic nature of rainfall in a lake with a low buffering capability. This indi-
cates that water from the Floridan aquifer is probably not reaching the lake.
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Water—quality standards for many parameters, including pH, have been es-
tablished (Florida Department of Environmental Regulation, 1983). The criteria
for pH in surface waters (except in specified zones of mixing of waste discharges
with the receiving water) is "pH of receiving waters should not be caused to vary
more than one (1.0) unit above or below natural background pH of the water; the
lower value shall not be less than six (6.0) and the upper value shall not be more
than eight and one half (8.5)." At the 13 sites, pH did not exceed 8.5 units, but
at all sites except site ! (outflow from Bay Lake), the minimum pH was less than
6.0 units (fig. 16). At sites 3, 6, and 8, pH of all samples was less then 6.0
units, and at site 4, more than half the samples had a pH of less than 4.0 units.
The low pH values are probably due to natural processes, including leaching of
acidic organic compounds (plant debris) at site 4, 6, and 8 and the acidity of
rainfall into a lake of low buffering capacity at site 3.

DO (dissolved oxygen) concentration is also specified in the FDER (Florida
Department Environmental Regulation) water-quality standards for class III waters,
or waters designated for recreation, and propagation and management of fish and
wildlife. According to these criteria, DO "in predominantly fresh waters % * %
shall not be less than 5 milligrams per liter." This criterion applies to all
RCID waters, except that a variance may be applied to a mixing zone in Reedy Creek
downstream from wastes discharges. As of August 1981, the boundaries of this
mixing zone had not yet been specified.

DO concentrations of surface waters in the RCID are summarized in figure 17.
The DO at most sites was often less than 5 mg/L (milligrams per liter) and was
less than 5 mg/L at least once at all sites. Median DO concentration was greater
than 5 mg/L at sites 1, 2, 3, 11, and 12. The lowest DO concentrations (minimum =
0.3 mg/L, median = 3.2 mg/L) occurred at site 10, immediately downstream from
outflow of treated wastes from the 102-acre overland-flow area at canal L-410.
This waste discharge, though less than 2 mg/L in BOD (biochemical oxygen demand)
is also low (2.3 mg/L mean) in DO (Harden, 1980), and could be the cause of
relatively low DO at site 10.

The low DO concentration at most sites (other than site 10) is probably
a natural characteristic of the streams. The sites representing canals or
channelized stream segments (sites 5, 6, 7, 9, and 10) are probably affected
by seepage of low DO ground water into the channel and high demand for oxygen
by plant debris. Some natural streams in undeveloped areas (sites 4 and 8) have
low DO concentrations probably due to high demand for oxygen by plant debris in
swampy areas. The high color of many of the canals and swampy streams is indica-
tive of two significant conditions relating to DO concentrations: first, the
color is indicative of large quantities of oxygen—demanding organic debris within
the basin, and second, the color and associated low pH may create conditions
unfavorable for photosynthetic production of oxygen.

Water-level control structures might also affect DO concentrations because
the impounded water is at times highly stratified and nearly devoid of oxygen
near the bottom. Water leaking past the gates, or released by partial gate
opening, may be from the bottom of the pool, and thus be a source of DO deficit
to the reach downstream from the structure. This could be a contributing
factor to low DO at sites 5 and 7, located in reaches just downstream of
control structures.
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Nutrients

Nitrogen and phosphorus compounds are nutrients which contribute to the
productivity of water--that is, to the ability of the water to support plant and
animal life. Excessive quantities of nutrients may stimulate some organisms to
proliferate to nuisance levels at the expense of other, often more desirable,
species. Excessive production may load the water with oxygen-consuming debris,
to the detriment of fish. Permissible nutrient concentrations for acceptable
water quality are presently not known because many factors, such as stream
morphology, trace-metals concentrations, and other chemical and physical proper-
ties and constituents of water, also affect production. Therefore, the FDER has
not established specific nutrient criteria, but state that "in no case shall
nutrient concentrations of a body of water be altered so as to cause an imbal-
ance in natural populations of aquatic flora or fauna." (Florida Department of
Environmental Regulation, 1983).

Ratios of the nitrogen species for the 13 surface-water sampling sites are
shown in the trilinear diagram in figure 18. The surface-water sites can be
grouped into 4 general regions: (1) 8 sites with 80 or more percent of the
nitrogen in the organic form, (2) 2 sites with more than 20 percent ammonia
nitrogen (sites 6 and 10), (3) 2 sites with more than 25 percent nitrate and
nitrite nitrogen (sites 11 and 13), and (4) 1 site with nearly 50 percent
nitrate and nitrite nitrogen (site 12).

Sites within each group described above have some common characteristics.
The sites with more than 80 percent organic nitrogen include outflows from the
three lakes (sites 1, 2, and 3) and streams or canals upstream from, or not
affected by, treated waste inflow (sites 4, 5, 7, 8, and 9).

Sites 6 and 10 have the highest ammonia nitrogen percentage but represent
different environments. The relatively high ammonia nitrogen at site 6 is
probably from anaerobic decomposition of plant debris on the canal bottom. The
relatively high ammonia nitrogen at site 10 probably results from inflow of
treated wastes.

Sites 11 and 13, both on Reedy Creek, are probably relatively high in
nitrate nitrogen due to the treated-wastes discharges upstream; ammonia nitro-
gen noted at site 10 is apparently oxidized to nitrate as the water moves
downstream.

Site 12 (Davenport Creek) is unique because it represents an undeveloped
watershed (except for citrus groves) and has a high proportion of nitrogen in
the nitrate form. This nitrate could be due to seepage of ground water into
the stream. In citrus groves, water percolating into the surficial aquifer
could have high nitrate concentration from fertilizer applications. Seepage of
the water from the surficial aquifer, as well as direct runoff from the citrus
groves, could account for the relatively high nitrate nitrogen at site 12.

The sample of Floridan aquifer water (site 14) had most of the nitrogen in

the nitrate form, and no organic nitrogen. The total nitrogen concentration
was 0.08 mg/L and was low in comparison to the surface-water sites.
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NITRITE AND NITRATE NITROGEN, IN PERCENT
(SURFACE WATER SITES EXCEPT AS INDICATED)

Figure 18.--Mean nitrogen species ratios in waters in the Reedy Creek
Improvement District area, October 1971 through June 198l.

Maximum, median, and minimum concentrations of total, organic, and nitrate
nitrogen for the surface-water sites are shown in figure 19. Median total
nitrogen concentrations ranged from 2.1 mg/L at site 8 to 0.29 mg/L at site 3.
Four sites (sites, 1, 2, 3, and 5) had median concentrations of less than 1
mg/L; these sites had relatively low total nitrogen concentrations because they
probably do not receive treated wastes inflow or are not in areas where large
quantities of fertilizer are used. The highest median total nitrogen concen-
trations were at sites 4, 6, 8, and 12 where median concentrations were 1.87
mg/L or greater. These four sites are in undeveloped areas or in areas of
citrus groves. The relatively high nitrogen concentrations at these sites are
probably due to natural sources of nitrogen, or from fertilizer in runoff and
ground-water seepage from the citrus groves. Sites 10 and 11, downstream from
the treated wastes inflows, occasionally had relatively high nitrogen concen-
trations, but median concentrations at these two sites were not higher than at
many of the other sites.
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Figure 19.--Maximum, median, and minimum concentrations for selected
nitrogen species in surface waters in the Reedy Creek Improvement
District area, October 1971 through June 1981,

Organic nitrogen concentrations (fig. 19) had a pattern of occurrence very
similar to that of total nitrogen. This similar pattern is predictable because
organic nitrogen accounted for more than 60 percent of the total nitrogen at
all sites except site 12. More samples were analyzed for organic nitrogen than
for total nitrogen, so that maximum concentrations of organic nitrogen plotted
in figure 19 are higher than maximum concentrations of total nitrogen at some
sites.
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Median nitrate nitrogen concentrations were 0.1 mg/L or less except at
four sites (10, 11, 12, and 13). At these sites, median nitrate concentrations
ranged from 0.21 to 0.88 mg/L, and at sites 11, 12, and 13, nitrate nitrogen
concentrations of 3 mg/L or greater occurred. The relatively high nitrate
nitrogen at sites 10 and 11 are probably related to the treated wastes dis-
charge upstream. The discharges may possibly also contribute to the high
nitrate concentrations at site 13, Site 12 had the highest median nitrate
concentration, probably leached from fertilizers applied to citrus groves that
entered Davenport Creek as ground-water seepage and in surface runoff. Inflow
of nitrate to Reedy Creek from Davenport Creek upstream from site 13 may
account, at least partly, for high nitrate concentrations at site 13.

Phosphorus concentrations at the 13 sites are summarized in figure 20.
Median total phosphorus concentrations were less than 0.1 mg/L at all sites
except sites 10, 11, and 13. The high phosphorus concentrations probably are
due to the inflow of treated waste. Sites 9 and 12 had maximum phosphorus con-
centrations in excess of 0.5 mg/L. These relatively high concentrations may
be due to fertilization of adjacent citrus groves. The pattern of occurrence
of orthophosphate phosphorus is very similar to that of total phosphorus. This
implies that most of the total phosphorus in surface waters in the RCID area is
of orthophosphate origin.
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Figure 20.--Maximum, median, and minimum concentrations for phosphorus

in surface waters in the Reedy Creek Improvement District area,
October 1971 through June 1981.
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Organic carbon is a constituent also essential to the aquatic ecosystem
and may be present in high concentrations due to wastes disposal. Another
source of organic carbon is decaying plant debris which accumulate in swampy
watersheds and sluggish streams and canals. High organic carbon concentrations
from plant debris are associated with high color due to leaching of organic
compounds.

In figure 21, median color and median total organic carbon concentrations
are plotted for each site, using only samples in which both color and total
organic carbon were determined. The figure shows a definite relation between
color and total organic carbon, indicating that the high total organic carbon
concentrations which occur at several sites are derived from leaching of plant
debris. Site 6 has a higher color than expected based on the total organic
carbon concentrations and the relation between the two variables indicated by
the other sites. This departure at site 6 from the pattern for other sites is
probably due to nonlinearity of the total organic carbon~color relation rather
than a difference in source of color or total organic carbon.
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Figure 2l.--Relation between color and total organic carbon for surface
water in the Reedy Creek Improve District area (plotted points are
median color and median total organic carbon at the 13 surface water
sites, for samples in which both color and total organic carbon were
analyzed.)
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Trace Elements

The FDER has specified maximum allowable concentrations for several trace
elements in class III waters (Florida Department of Environmental Regulation,
1983), either because of toxicity to aquatic life or, for iron, because it may
form precipitates which can interfere with bottom~dwelling species. Samples
for these trace elements have been collected from surface-water sites in the
RCID area, but the sampling procedure and frequency of sampling has varied
during the study. Prior to 1978, analyses were for dissolved elements only.
In 1978, the sampling procedures were changed to include both dissolved and
suspended elements.

Table 4 shows a summary of analyses of trace element and organic compound
concentrations in the RCID area. The summary includes all analyses for the 13
surface-water sites. Most of the data are for samples collected since 1970.
The number of qualified values, or concentrations reported as less-than a spe-
cified value, are listed in table 4. For this summary, these qualified values
were assumed to be actual concentrations.

Relative magnitudes of trace element concentrations, listed in order of
decreasing median values, are iron, aluminum, zinc, chromium, copper, arsenic,
nickel, lead, and mercury. The elements beryllium, cadmium, selenium, and
silver had a median concentration of zero. Only iron, aluminum and zinc gener-
ally exceeded concentrations of 10 ug/L (micrograms per liter), though many of
the trace elements exceeded 10 ug/L at least once.

Table 5 gives a summary of trace elements criteria~exceedance frequencies
for the 13 surface-water sites. This summary includes all data and does not
separate total (unfiltered) concentrations and dissolved (filtered) concentra-
tions. Some concentrations were reported to be less than the analytical detec-
tion limit; these "less-than" concentrations were assumed to be zero.

Concentrations of 7 of the 13 trace elements specified in the FDER stand-
ards never exceeded the water-quality criteria. The six elements that exceeded
these criteria, in order of decreasing frequency of exceedance, are mercury,
zinc, cadmium, copper, silver, iron, and lead. It is noted that the frequen-
cies of exceedance for cadmium, mercury, and silver may be biased high because
of analytical imprecision at these low concentrations. These criteria were
less than the anlytical detection limits used in most of the study. Water
quality criteria-exceedance frequencies for copper, iron, lead, and silver were
5 percent or less. Only one sample, from site 4 (Cypress Creek), had silver in
measurable concentration.

All sites except site 9 had mercury concentrations greater than the criteria
of 0.2 ug/L. The source of the mercury is not known, but the metal has been
used extensively as a fungicidal agent for agricultural purposes (U.S. Environ-
mental Protection Agency, 1976, p. 98). Agricultural use of mercury has been
as a seed dressing for prevention of mildew (Wershaw, 1970, p. 30). Therefore,
the source of mercury in the RCID area is probably not related to agricultural
practices in this predominantly citrus-growing area. Mercury has been detected
in several samples of bulk precipitation in concentrations as high as 2 ug/L
(Irwin and Kirkland, 1980), therefore, atmospheric deposition of mercury may be
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Table 4.,--Summary of trace element and organic compound concentrations at 13 surface-water sites

Samples Percentile
Property or constituent Total Remarksl/ Maximum Mean Median Minimum 95 5
Trace eléments in water (micrograms per liter)
Aluminum, total recoverable 35 0 1,000 248.9 180 0 900 10
Arsenic, dissolved 91 0 50 10.0 10 0 30 0
Arsenic, total 55 0 30 5.7 2 0 20 0
Beryllium, total recoverable 31 0 10 1.9 0 o 10 0
Cadmium, dissolved 2 0 0 .0 0 0 0 0
Cadmium, total recoverable 41 0 7 .5 0 0 2 0
Chromimum, hexavalent, dissolved 94 0 8 A 0 0 2 0
Chromium, total recoverable 53 8 30 11.3 10 0 20 0
Copper, total recoverable 39 0 10 3.1 3 0 8 0
Copper, dissolved 113 0 50 8.1 5 0 40 0
Iron, dissolved 152 0 2,700 280.6 210 0 710 20
Iron, total recoverable 43 0 1,300 392.6 350 0 1,100 110
Lead, dissolved 107 0 20 4,2 2 0 16 0
Lead, total recoverable 39 0 170 9.5 1 0 52 0
Mercury, dissolved 5 0 .9 .5 oS .1 .9 0.1
Mercury, total recoverable 41 15 .5 2 .2 0 ) 0
Nickel, total recoverable 39 0 33 3.7 2 0 14 0
Selenium, total 34 0 0 0 0 0 0 0
Silver, total recoverable 39 0 1 0 0 0 0 0
Zinc, dissolved 113 0 130 34.2 30 0 90 0
Zinc, total recoverable 39 0 330 26.9 20 10 40 10
Organics in water (total in micrograms per liter)
Chlordane 99 0 0.10 0.00 0 0 0.00 0
DDD 118 0 .01 .00 0 0 .00 0
DDE 118 0 .01 .00 0 0 .00 0
DDT 118 0 .02 .00 0 0 .00 0
Diazinon 65 0 .01 .00 0 0 .00 0
Dieldrin 118 2 .01 .00 0 0 .00 0
Ethion 61 0 .07 .00 0 0 .00 0
Lindane 118 2 .02 .00 0 0 .00 0
Malathion 65 0 2.30 .12 0 0 1.00 0
Parathion 65 0 .02 .00 0 0 .00 0
PCB 100 0 .10 .00 0 0 .00 0
2,4-D 107 0 .65 .02 0 0 .15 0
Silvex 107 0 6.00 .10 0 0 .21 0
Organics in bottom material (total in micrograms per kilogram)
Aldrin 120 0 66.00 0.90 0 0 1.30 0
Chlordane 100 0 190.00 9.14 0 0 44,00 0
DDD 120 1 12,00 .78 0 0 4,60 0
DDE 120 0 86.00 1,57 0 0 7.00 0
DDT 121 0 8.50 .34 0 0 2.00 0
Diazinon 48 0 1.10 .02 0 0 .00 0
Dieldrin 121 1 14,00 .64 0 0 3.10 0
Ethion 32 0 38.00 1.19 0 0 .00 0
Heptachlor epoxide 93 0 3.20 .04 0 0 .00 0
Methyl parathion 48 0 18.00 T4 0 0 3.80 0
PCB 101 2 760.00 11.24 0 0 15.00 0
Toxaphene 94 0 50.00 .53 0 0 .00 0
Silvex 103 0 210.00 2.42 0 0 .00 0
2,4-D 102 0 29.00 .59 0 0 .00 ]

1/Remarks indicate number of concentrations reported to be less than the reported value.

The reported

values were used in these summaries, so in some cases, the summary statistic may be less than the value given.
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a source of the metal in surface waters. The ubiquitous presence of mercury in
extremely low concentrations seems to be characteristic of the RCID area, and
these low concentrations, though often in excess of the FDER water-quality cri-
teria, may represent natural, or background, conditiomns.

Zinc concentrations exceeded the FDER water—quality criteria of 30 ug/L at
10 of the 13 sites (table 5), and, like mercury, seems to be widespread in the
area in concentrations which are at times in excess of this criteria. Hem
(1970, p. 203) states that weathering of zinc-bearing minerals results in
formation of soluble zinc compounds. Additionally, zinc may be widespread
throughout the area due to its presence in many types of metal and may be
present in relatively high concentrations in rainfall and dry fallout. Irwin
and Kirkland (1980, p. 22) reported that mean zinc concentrations in rainfall
and bulk precipitation samples from various locations in Florida often exceeded
30 ug/L, and at two sites exceeded 100 ug/L. Therefore, zinc in the RCID area
probably is not directly related to developments either within the RCID or in
agricultural areas adjacent to the RCID.

Cadmium exceeded the FDER water-quality criteria in about 20 percent of
the 41 samples from 5 of the 13 sites (table 5). According to Hem (1970,
p. 204), cadmium is present in rocks in quantities much less than those
reported for zinc, and concentrations of cadmium in natural water are very
small. However, bulk-precipitation samples in Florida (Irwin and Kirkland,
1980) often had 1l ug/L or more of cadmium, and in places more than 10 ug/L,
indicating that cadmium in surface waters could originate from atmospheric
sources. Cadmium occurrence does not relate strongly to development in the
RCID. Two sites (4 and 6) of the five at which the cadmium criteria was
exceeded are in undeveloped areas.

A summary of the water quality criteria-exceedance frequencies at each
site for trace elements is given at the bottom of table 5. For example, at
site 1, of 26 analyses (sum of all trace elements), 8 percent were in excess
of a water—quality critera. The summary shows that sites 4, 6, and 8 had the
highest criteria-exceedance frequencies for trace elements (10 percent or
greater). These sites are in undeveloped areas, except for citrus groves, in
or near the RCID. Therefore, the presence of trace elements in concentrations
exceeding the water—quality criteria does not seem to relate to the RCID devel-
opments. There is some correlation of high trace elements concentrations with
high color. Sites 4, 6, and 8 all have highly colored water--median color of
320 units or higher--(fig. 19). High color is symptomatic of a high organic
compound concentration and low pH, favoring formation of soluble organic
complexes.

Organic Compounds in Water

Many organic compounds were analyzed for in waters of the RCID area.
These compounds include insecticides, herbicides, PCB (polychlorinated
biphenyl) compounds, and PCN (polychlorinated naphalene) compounds. The
compounds are toxic to aquatic life if present in excessive concentrations.
The toxic concentration varies widely according to the specific compound, but
many of the compounds are toxic when present in extremely low concentrations.
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Table 4 summarizes data on total concentrations (dissolved plus suspended)
of organic compounds at surface-water sampling sites (sites 1 to 13). The
table lists only the compounds detected in at least one sample. Compounds
which have been analyzed for, but not detected in RCID waters are not listed in
table 4. These include: polychlorinated napthalenes, aldrin, endosulfan,
endrin, heptachlor, heptachlor epoxide, methoxychlor, methyl parathion, methyl
trithion, mirex, perthane, toxaphene, trithion, and 2,4,5-T.

Silvex, malathion, and 2,4-D with maximum concentrations of 6 ug/L, 2.3
ug/L, and 0.65 ug/L, respectively, were the only organic compounds with concen-
trations greater than 0.1 ug/L. Median concentrations of all the compounds
were zero or less than analytical detection limits. The 95 percentile concen-
trations, listed in table 4, are the concentrations not exceeded in about 95
percent of the samples, or conversely, the concentrations exceeded in about 5
percent of the samples. Only three of the organic compounds (malathion, 2,4-D,
and silvex) were present in measurable concentrations in at least 5 percent of
the samples; the remaining compounds were not detected in at least 95 percent
of the samples. The data summarized in table 4 show that the concentrations of
these organic compounds in surface waters in the RCID area are generally zero,
or at least less than the analytical detection limits.

A further summary of data on organic compounds in water is given in
table 6. That table gives the number of samples, and percentage of samples
with detectable concentrations at each of the 13 surface-water sites. The
compounds listed previously that were never detected in water samples are not
included in table 6.

Malathion, 2,4-D, and silvex were detected in 20 to 25 percent of the
samples. Other compounds, including chlordane, DDT, diazinon, ethion, lindane,
parathion, and PCB were detected in 1 to 5 percent of the samples. The presence
of DDT, which was banned by the U.S. Environmental Protection Agency in 1972,
is indicative of the stability of this compound in the aquatic environment.

All sites except site 4 (Cypress Creek) had one or more compounds in
detectable concentrations. The absence of the organic compounds in Cypress
Creek probably is due to the wide, swampy and undeveloped character of the
basin upstream from the sampling point; this undeveloped area serves to isolate
the site from areas of pesticides usage. Additionally, the water in this
swampy area is spread over a relatively large area, enhancing contact of the
water with soil and vegetative debris to which the compounds may become sorbed,
and,thus, removed from the water.

The frequency at which organic compounds were detected in water seems
related to the proximity of the sampling site to the RCID resort areas.
Streams outside the RCID (sites 4, 8, and 12), and sites in undeveloped areas
of the RCID (sites 3, 6, and 9) had the lowest frequency of detection (5
percent or less). The only compounds detected at site 12 (Davenport Creek)
were DDT, and DDE, a derivative of DDT. However, these compounds are long-
lived and their presence is probably due to past usage. Ethion, and DDD (also
a DDT derivative), were detected at site 8 (Whittenhorse Creek), but were not
detected at other sampling sites. Ethion is used to control citrus pests and
its presence in 20 percent of the samples at site 8 is probably due to local
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usage within the citrus groves surrounding the site. At sites 3, 6, and 9,
2,4~D or silvex were present in 11 to 33 percent of the samples. These
compounds are herbicides and their presence is probably related to control of
weeds in the canal system. Malathion was detected at sites 6 and 9, and could
have originated from spraying for mosquito control or from spraying of citrus
groves adjacent to the sampling sites.

The other sites (1, 2, 5,7, 10, 11, and 13), having a frequency of detec-
tion of 6 percent or higher for organic compounds, are either close to the RCID
resort areas, or receive runoff from these areas. Except at sites 7 and 11,
malathion and the herbicides 2,4-D and silvex account for nearly all the
organic compounds detected.

Site 7 had the highest frequency of organic compound detection (21 per-
cent), and the largest number of compounds which were detected. The only
detection of PCB compounds in water was at site 7. The diversity of compounds
at site 7 and the high rate of detection probably are related to at least three
factors, including: (1) weed and mosquito control spraying near the site, (2)
maintenance of a golf course immediately upstream from the site, and (3) runoff
from the main parking lot, which discharges through detention ponds immediately
upstream from the site. Direct application of pesticides to the parking area
is not probable, however, the large impervious area may be a catchment for
airborne materials and atmospheric fallout which could include pesticide
residues that are washed from the pavement by stormwater runoff.

The FDER has set water—quality criteria for some of the organic compounds,
based on toxicity of the compounds to aquatic life (Florida Department of
Environmental Regulation, 1983). These water—quality criteria and a summary of
the criteria-exceedance frequencies for the 13 sites are given in table 7. The
maximum allowable concentrations, according to the FDER criteria, are generally
0.01 ug/L or less. Detection limits for the methods used during this study
(table 7) are 0.01 ug/L except for chlordane and PCB which have a detection
limit of 0.1 ug/L, and toxaphene, which has a detection limit of 1 ug/L.
Therefore, any detectable concentrations of the compounds, except for lindane,
malathion, methoxychlor, and parathion, are in excess of the criteria. For
this reason, the summary given in table 7 can only be used as a gross indica-
tion of criteria—-exceedance frequencies.

Malathion had the highest frequency of exceedance of the water quality
criteria. About 15 percent, or 10 of the 65 samples for malathion, contained
concentrations in excess of the 0.1 ug/L criteria. These excessive concentra-
tions occurred at 6 of the 13 sites. Though malathion exceeded FDER water-
quality criteria near the resort areas (sites 1, 2, and 7) and at other sites
in the RCID (sites 5, 6, and 9), excessive concentrations are apparently
confined to the immediate area of application. Malathion did not exceed
criteria at sites downstream from the resort areas, and was never detected in
Reedy Creek downstream from site 10.

DDT was detected (and therefore exceeded water-quality criteria) at 4 of
the 13 sites, or in about 5 percent (6 samples) of the 118 samples. Though DDT
is no longer used, the half-life of DDT is about 10 years. Therefore, DDT will
probably continue to be found in some samples for several years.
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Other organic compounds that exceeded the FDER water-quality criteria in 2
or less percent (1 or 2 samples) of the samples are chlordane, dieldrin,
lindane, and PCB.

Organic Compounds in Bottom Sediments

Pesticides and other organic compounds were also sampled in bottom sedi-
ments at the 13 sites. Quality criteria have not been established for bottom
sediments, but the presence of the compounds in bottom sediments indicates that
the compounds reached the water body and may have at one time been present in
the water. Additionally, the impact of the toxic organic compounds on aquatic
life, especially bottom—-dwelling organisms, could be significant. Many organic
compounds are only slightly soluble in water, but may be sorbed on bottom
sediments, so that areas of sediment accumulation may be sinks for the less-
soluble materials.

Table 4 gives a statistical summary of data on the concentration of com-
pounds detected in at least one sample. Other compounds, analyzed for but not
detected, are not listed. These include endrin, heptachlor, lindane, malathion,
methoxychlor, methyl trithion, parathion, trithion, and 2,4,5-T.

Concentrations of organic compounds in bottom sediments are expressed as
ug/kg (micrograms per kilogram). This unit of concentration is equivalent, in
terms of weight of compound per unit weight of substrate, to units used to
report the concentrations in water (ug/L), because one liter of water weighs
one kilogram.

Table 4 shows that, on a weight basis, maximum concentrations of organic
compounds in bottom sediments are orders of magnitude greater than in water.
The highest concentration in a single sample was for PCB (maximum concentration
760 ug/kg), a family of compounds formerly widely used in many applications,
including plastics and-electrical insulation. Manufacture of PCB was banned by
the U.S. Environmental Protection Agency because the compounds are extremely
toxic and accumulate in many species of organisms (Nebel, 1981). The origin of
the PCB in bottom sediments is unknown, but whatever the source, the stability
of the compounds allows for a long residence time in the area.

Other compounds found in concentrations exceeding 100 ug/kg include chlor-
dane, and silvex. Chlordane is used in termite and ant control, and may be
applied to soil around citrus root stock for pest control.

Comparison of maximum and 95th percentile concentrations of the organic
compounds in bottom sediments shows that, although high concentrations of most
of the compounds occurred in at least one sample, most samples had much lower
concentrations. For example, one sample for silvex contained 210 ug/kg, but at
least 95 percent of the samples had no silvex, or concentrations which were
less than the detection limit. Median concentrations of all of the compounds
in bottom sediments were less than detection limits.

Frequency of detection of organic compounds in bottom sediments is given
in table 8 for the 13 sites. Some compounds, listed previously, which have not
been detected in bottom sediments are not included in table 8 and the number of
samples and percent detection figures by site do not include these compounds.
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Seven organic compounds were detected in more than 10 percent of the
bottom sediment samples. Listed in order of decreasing frequency of detection,
they are: chlordane, dieldrin, DDE, DDD, DDT, PCB, and methyl parathion.

These compounds were widely distributed in the area, and were detected at 7 to
12 of the sites. The compounds were not frequently detected in water except
for DDT, which was present in about 5 percent of the 118 water samples

(table 6). The remaining compounds were detected in 2 or less percent of the
samples. All seven compounds except methyl parathion are organochlorine-type
compounds, a family of chemicals characterized by resistence to degradation and
low solubility in water. Therefore, most organochlorine compounds tend to be
sorbed on particulate matter, and can accumulate and persist in bottom
sediments.

The nearly ubiquitous presence of PCB in bottom sediment is difficult to
explain—-it was detected in a variety of environments including lake outflows
(sites 1 and 3), a stream draining a swampy undeveloped area (site 4), and
several sites in the stream and canal system of the RCID (sites 5, 6, 9, 10,
11, and 13), including those sites not near to or receiving runoff from the
developed areas (sites 6 and 9). The long life and low solubility of PCB is
probably a major factor in the widespread distribution; whatever the source,
once released to the watershed the compounds remain in bottom sediments. The
presence of PCB in one water sample of six taken at site 7 and its absence in
bottom sediments at site 7 is problematical.

The frequency of detection summary given in table 8 indicates that organic
compounds occurred more frequently in bottom sediments of streams that drain
agricultural areas than in most other streams or canals, probably as a result
of pesticide applications in the citrus groves. The frequency of detention at
Reedy Creek (sites 11 and 13), Whittenhorse Creek, Cypress Creek, and Davenport
Creek (sites 8, 4, and 12) was 21 to 32 percent. All the sites, except site 11
(Reedy Creek) are in or near citrus groves, or downstream from citrus groves.
Reedy Creek at site 11 is not immediately adjacent to citrus areas, and
although Whittenhorse Creek (which does drain a citrus area) flows into the
RCID canal system upstream from site 11, the amount of water contributed by
Whittenhorse Creek is small compared to discharge of Reedy Creek at site ll.
The reason for the high rate of detection of organic compounds in bottom sedi-
ments at site 11 has not been determined and is unexpected because sites
upstream from site 11 (except for Whittenhorse Creek) did not have high rates
of detection. Sites near or downstream from the Theme Park, the parking lot,
and the resort hotels (sites 1, 2, 5, and 10) had relatively low detection
rates of organic compounds in bottom sediments.

55



1¢ € ¢ 8 61 8T 11 €1 %1 9 1 ST 11 UOT3D938p JUBOIdg
€Ce'1T  9€1 ewl 41 [LL 6L 69 €L %01 Ty1 €01 GOT 78 €9 sesfTeue jo 1squny
kK ¢ot 0 8 0 ¥1. 0 0 O 71 8 0 0 0 O a-4°t
€ €01 0 0 8T 0 0 O 0 0 L 0 0 0 0 X9ATTS
1 %6 0 0 0 0o 0 o o 11T O 0 0 0 0 suaydexog,
LT 101 oe 0O 6 LT ¢ O 0 2T L1 g7 %1 0 0T ad
61 8% L1 0t ¢ 0 0 o0 O ¢¢ 6¢ ST o0z O O uotyyeaed TAyisy
[4 £6 0 0 0 0 0 0 0 0 0 0 0 %1 0t sprxods IoTyoeidsy
€ (A3 0 €e 0 o 0o o 0 O 0 0 0 0 O uoTylyg
K& 121 9¢ 0§ 08 L1 6T 0S 0§ %% ST 65 0T LS 0t UTIpTSIQ
[4 8y 0 0 0 o 0 0 o0 o0 S O0 0 0 0 uourzel(q
81 171 Lz £Y €e 0 0 ST (1 71 0 81 81 0 O £Laa
LE 0Z1 %9 LL €€ 0 %1 88 (L1 O £€E  SY £ %1 0 aaa
¢ 0Z1 AT 4] ¢ 0 67 79 0 O €e %9 81 0 O aaa
oy 001 06 o0¢ %9 05 e O 0§ 0S5 ST ¢ 6 98 08 SUBPIOTYDH
8 0Z1 0 0 ¥ 0 %1 21 O O 0 0 0 0 0 uTIpIy
uoT3da3sp sasdyeue £ET 71 1T 01 6 8 L 9 S Y £ [4 1
juada19g 3o *ON 931§ punodmo)
aaqumy

P930929p YOoIYMm uT SosSAJBUB JO 3JUSDIBJ

S3]USWIpas WO0330q UI Sarouanbaij uor3dalap punodwod oTueldao Jo Aiewmng--°g [qer

56



VARIATION IN WATER QUALITY

Many natural and manmade variables affect water quality. Natural variables
include climatological events (rainfall and drought) which affect streamflow,
and seasonal variation in temperature which affects biological and micro-
biological processes, Activities of man may cause alterations to hydrological
processes or changes in constituent loading of a watershed. Some variables
that could affect water quality in the RCID area were investigated, and the
water—-quality changes attributed to them are described in this section. His-
torical water—quality data were examined to determine if changes in water
quality of the RCID-area water bodies have occurred with time, and if these
changes relate to development and operation of the RCID facilities,

Water Quality as a Function of Stream Discharge

Water quality of streams may vary with discharge due to variations in
sources of streamflow or contributing drainage area. During dry periods,
streamflow may be sustained by water stored in the basin in swamps, lakes,
stream channels, or in the ground. Waste effluent may also sustain discharge.
During wet periods, more water in a stream is surface runoff, and parts of the
basin which do not contribute during dry periods may become contributive,

The relation between water quality and discharge was investigated at 6
of the 13 sites for which records of discharge are available, A regression
procedure was used to relate constituent concentration, or characteristic
value, to discharge in a linear relation of the type:

concentration = A + B # discharge

where A and B are constants determined by the regression method. The values of
the constant B were tested for significance at the 95-percent confidence level--
a nonsignificant value for B means that the 95-percent confidence interval of B
includes zero and that the possibility of no relation of concentration to dis-
charge cannot be eliminated at the selected level of confidence. The sign of B
indicates that concentration tends to increase (positive B value) or decrease
(negative B value) with increasing discharge.

Six aggregate measures of water quality were selected to study the concen-
tration and discharge relation. The regressions were computed using both un-
transformed data and transformed data, logarithms (base 10) of concentrations
and discharges. The logarithmic transformation was used because the logarithms
of concentrations and discharge may more closely approximate a linear relation
than do the untransformed values.

Coefficients of determination for the regression equations which tested
statistically significant are given in table 9. The coefficient of determina-
tion is a measure of the amount of variation in the dependent variable asso-
ciated with variation in discharge. For example, 11 percent of the variation
in color at site 11 (Reedy Creek near Vineland) was associated with variation
in discharge, using untransformed as well as log transformed data. Therefore,
89 percent of the variation in color was associated with factors other than
discharge, Color tended to increase with discharge at site 11. Inverse rela-
tions (decreasing dependent-variable value with increasing discharge) are
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indicated by a negative sign attached to the coefficient of determination.
These signs indicate the direction of the relation; the coefficient of
determination is, by definition, an unsigned number.

Table 9 shows that color, specific conductance, and total organic carbon
were each related to discharge at four sites, as indicated by one or both of
the regression procedures ("raw' data or log transformed data).

Color increases with discharge at the four sites for which the regressions
were significant. The increases in color with discharge are probably due to
contribution of water from swampy areas during rainy periods, and to the over-
flow of the streams into adjacent swamps and the subsequent leaching of color
from the vegetative debris in the the swampy areas. The amount of variation in
color associated with variation in discharge was low at sites 5 and 11 (Bonnet
Creek and Reedy Creek), and higher at sites 12 and 13 (Davenport Creek and
Reedy Creek). Nearly half the color variation at site 13, and more than half
the variation at site 12, may be associated with variation in discharge. The
lower degree of association between color and discharge at sites 5 and 11 is
probably due to the more diverse hydrology of the basins upstream from the
sampling sites. Reedy Creek at site 13, and Davenport Creek include extensive
swampy areas upstream from the sampling sites, but Bonnet Creek and Reedy Creek
at site 11 have swampy areas, lakes, drainage canals, and large impervious
areas upstream from the sampling sites. Varying contributions to streamflow
from these different types of land use complicate the relation between water
color and discharge (and probably between other water-quality variables and
discharge, as well).

Total organic carbon also increased with increasing discharge. The most
variation in total organic carbon with discharge was at site 12, Total organic
carbon is related to color in the RCID area, so much of the variation in total
organic carbon is probably related to the same factors that affect color.

Specific conductance was only weakly associated with discharge, and except
at site 11 decreased with increasing discharge.

Nitrogen concentrations, both total and organic, were not significantly
associated with discharge at most sites, and at sites where the association was
statistically significant, little of the variation in nitrogen was associated
with discharge. Total phosphorus related significantly to discharge only at
site 11. There, phosphorus concentrations decreased as discharge increased.
The degree of association is not high, but is probably due to treated wastes
inflow upstream from the site. During wet periods, the wastewater in the
stream is diluted by runoff, with a resultant decrease in phosphorus
concentration.

Seasonal Variation in Water Quality

Seasonal variation in rainfall, temperature, and vegetative life cycles
can affect water quality. During the wet season (generally June to September
in central Florida), stream discharges are generally largest and much of the
streamflow is direct stormwater runoff. During the drier parts of the year,
streamflow is maintained by water in ground or surface storage and, in some
cases, by waste discharges. The varying relative contributions of storm runoff
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and water in storage (or waste discharges) could affect water quality. Sea-
sonal temperature variation and vegetative growth cycles could affect nutrient
concentrations. Cold water temperatures slow nutrient intraspecies conversion
rates and reduce uptake of nutrients by vegetation.

The seasonal variation in water quality was investigated at the 13 sites
by assigning samples into groups, as follows:

Group 1 (March 1 to June 30) represents spring, with generally low
discharges at least through May, warming temperatures and resumption
of the growing season.

Group 2 (July 1 to October 31) represents warm water temperatures, high
discharges, and the climax of the growing season.

Group 3 (November 1 to February 28) represents cooler temperatures,
moderating discharges, low rainfall, and a lower rate of vegetative
growth.

These seasonal grouping are, of course, somewhat arbitrary and overlap to some
degree.

Seasonal mean concentrations were tested for difference using analysis of
variance with a significance level of 5 percent. This means that the test
hypothesis of no seasonal differences was rejected only if the seasonal means
differed by more than an amount that could be expected 5 percent of the time if
the means were identical.

Five aggregate measures of water quality were selected for the seasonal-
variation testing. These were specific conductance, total nitrogen, total
ammonia plus organic nitrogen, total phosphorus, and color. Seasonal means for
these are given in table 10 for all sites at which the analysis-of-variance
test- indicated significant seasonal differences among either all three seasons
or any pair of seasons.

Specific conductance was seasonally variable at only one of the 13 sites
(site 2). The lowest mean specific conductance (113 umhos) was for the
November to February group. The higher specific conductance in the July to
October group may be due to upward leakage of water from the the Floridan
aquifer during these months when the potentiometric surface of the Floridan
aquifer is highest.

Total nitrogen varied seasonally at three sites, but the pattern of
concentrations was variable. Highest nitrogen concentrations occurred from
March through June at site 3, from July through October at site 9, and from
November through February at site 13.

Total ammonia plus organic nitrogen varied seasonally at five sites, and
except at site 7, was highest for the July through October samples, possibly as
a result of increased return of organic and ammonia nitrogen to the water from
decaying vegetative debris when water temperatures are warmest.
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Total phosphorus varied seasonally at three sites, but at two of these
sites, the seasonal mean concentrations differed only by 0.02 mg/L or less.
Site 11 had highest phosphorus concentrations from March through June, and the
mean concentration for these months was greater than for the other seasonal
groups by 0.4 mg/L or more. The higher phosphrous from March through June is
probably due to the treated waste inflow which accounts for much of the dis-
charge at site 11 during dry periods which often occur in March, April, or May.

Color varied seasonally at five sites. Highest color occurred from July

through October at all sites, perhaps due to increased rates of vegetative
decay during these warm months, and increased runoff from swampy areas.

Daily Variation in Water Quality of Reedy Creek

The continuous records of specific conductance, pH, water temperature, and
DO at site 1l provide much more insight into ranges in values and the way water
quality varies in response to hydrologic events than do the periodic samples of
water quality. These data have been recorded hourly beginning in June 1977. A
summary of daily water quality, by month, is given in table 1l. Duration curves
of daily mean values are shown in figure 22.

The duration curves show that pH and DO at site 11 often did not meet
Florida minimum water—quality criteria (6 units minimum for pH and 5 mg/L mini-
mum for DO). Daily mean pH was less than 6.0 units about 30 percent of the
days of record, and daily mean DO was less than 5.0 mg/L about 60 percent of
the days.

Hydrographs of specific conductance, pH, water temperature, and discharge
at site 11 (fig. 23) show the variation in daily water quality. Specific con-
ductance generally varies inversely with discharge because of dilution of water
in the stream by runoff. The runoff also causes lower pH, and DO (fig. 24).

Saturation concentration of DO is shown in figure 24. Saturation concen-
tration of DO in nonsaline water depends mainly on temperature, and to a lesser
degree, on atmospheric pressure. The normal range in atmospheric pressure is
small enough that differences in DO saturation due to changes in pressure are
probably only 0.1 or 0.2 mg/L of DO. An atmospheric pressure of 29.9 inches
mercury, generally considered to be the standard pressure, was used in comput-~
ing the saturation DO concentration.

DO concentrations were always less than saturation, and the difference
between observed and saturation DO concentrations was smallest in winter and
largest in summer. The larger DO deficit in summer is probably due to accel-
eration of processes such as organic material decay which consume oxygen, and
to runoff of water with low DO concentration during the normally wet summers.

The relation of DO concentration to discharge at site 11 is shown in more
detail in figure 25 for a selected runoff event in February 1981 following
about 2.0 inches of rainfall. The inverse relation of DO to runoff at site 11
is apparent. The source of the low-DO runoff has not been confirmed, but there
are at least two possibilities. One is that water standing in swampy or other
low areas, depleted in DO through natural decay processes, is flushed into the
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Figure 22.—-Duration of daily mean water temperature, specific conductance,
dissolved oxygen, and pH at site 11 (Reedy Creek near Vineland), June 1977
through May 1981).
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Figure 23.--Daily mean discharge, water temperature, pH, and specific conductance

at site 11 (Reedy Creek near Vineland), June 1977 through May 198l.
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near Vineland), June 1977 through May 1981.

upstream from site 11 by water-level control structures becomes stratified with
low DO concentrations in the bottom layer. Release of this low-DO water when
the structure gates open in response to rising water level could contribute to
the low DO at site 11 during runoff. Additional data, including DO and dis-
charge records for the channelized reaches controlled by the water-level control
structures, would help to delineate effects of runoff from natural areas and
canal storage on DO depletion in Reedy Creek.



I e e B B S o e e e e R S B H s s s
8 -
(= 4
Ll
== 1+
w =
S &
ga_
6
o 2
W=
> o=
E; <5
u)js_
o =
=% X
=
4 -
SllJllIIIIII
Or—T—TTT 7T 7T T T T T T T T T T T T T
[
-_
(=2
=
x 90
o=
(¥ )
Q.
[—
5w
[
b=
s
o 30 -
=
uﬂ
&
= 20 -
(&)
» /
[
ol 1 1 1 1|

FEBRUARY 1981

TSN Y Y N T T TS T N N N B
6 7 8 9 10 W I213 141516 1T 18 19 20 21 22 23 24 25 26 21

Figure 25.--Discharge and dissolved oxygen concentration at site 1l

(Reedy Creek near Vineland), February 6-27, 198l.
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Time Trends in Water Quality

A Kendall-Tau correlation procedure (Helwig and Council, 1979) was used
to determine if water quality in the RCID had changed with time. The Kendall-
Tau correlation is a nonparametric statistical method in which a correlation
coefficient is computed according to the number of concordant (concentration
increasing with time) and discordant (concentration decreasing with time)
observations (Conover, 1971). A perfect correlation, with r (correlation
coefficient) equal to 1, would indicate that each sample had a higher concen-
tration than all preceding samples, and an r of -1 would indicate that each
sample had a lower concentration than all preceding samples. An excess of
concordant over discordant samples is taken as evidence of an upward trend in
concentration with time, and an excess of discordant over concordant samples
implies the opposite. The r value can be tested for significance to judge if
the r for a set of samples is different from 0 (no correlation) at a selected
level of significance.

Yearly median values of selected water-quality parameters were computed
for each of the 13 sites, and the Kendall-Tau test was applied to determine if
yearly median values were changing with time. Results were judged at a confi-
dence level of 95 percent, meaning that a computed r value was significant if
outside the 95-percent confidence interval centered at 0 (no correlation).
Plots of the data were examined for verification of trends.

A regression procedure was also used for depicting trends for stream sites
at which discharge was measured. In addition to a time variable, the regression
function also included a discharge term to account for the variation of water
quality with discharge, which could either obscure or account for changes in
water quality with time. For example, if water quality were related to dis-
charge, and if samples near the end of the period of record were taken when
discharges were lower than earlier samples (perhaps due to relatively low rain-
fall in recent years), a trend in water quality might be indicated which is due
merely to the lower discharges that were sampled, rather than a change in the
water quality versus discharge relation, or a change in water quality loading
of the stream.

Choice of a regression function to include terms related to time and
discharge is subjective and an unlimited number of functions are possible.
The function used here was:
Log(Concentration) = A + B x Log(Discharge) + C x Date + D x Date x Log(Discharge)
where
Log represents logarithms (base 10) of the variables
Date is the time of sampling in years, since 1970
A, B, C, and D are computed by the least squares regression procedure.
A constant of 0.01 was added to all discharges and concentrations to avoid the
undefined condition of logarithms of zero. A trend was assumed to exist if the

coefficient C or D in the regression function was significantly different from
zero at a confidence level of 95 percent.
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There are many pitfalls in the regression procedure for detecting trends,
due to the assumptions of constant variance and normal distribution of resid-
uals about the regression function probably not always being met. Also, the
chosen functional relation of water quality to time and discharge may not
"fit" the data over the entire range of discharges, concentrations, and time.
Other assumptions are inherent in the regression procedure and are described
in statistics texts such as Draper and Smith (1966). However, the procedure
will probably account for discharge and detect trends not related to discharge
if the trends and the effect of discharge on concentration are relatively
large.

Water—quality parameters selected for time-trend analysis had a relatively
large number of samples for least 10 years; data prior to development of the
RCID are available for some of the parameters. Results of the Kendall Tau and
the regression time-trend testing are given in table 12 for sites at which a
significant time trend was indicated.

Trends in specific conductance were detected at six sites, and except at
site 2, were in the direction of increasing specific conductance with time.
Specific conductance of water at gite 2 (Bay Lake outflow canal) has decreased
markedly during the period 1972-81 (fig. 26a). This decrease in specific con-
ductance may be due to dilution of lake water by rainfall since Bay Lake was
drained and refilled with water from the Floridan aquifer in 1971, Three sites
representing inflow of water to the RCID (sites 3, 4, and 12) had upward trends
in specific conductance, probably due to the lower than normal rainfall during
the past several years. Two sites (11 and 13), both downstream from the treated
wastes inflow, had a significant increase in gpecific conductance since develop-
ment of the RCID (figs. 26b and 26c), probably due to discharge of the treated
wastes. The increase is most apparent at site 11; pre-1970 specific conduct-
ance was generally less than 100 umhos/cm, and post-1970 specific conductance
often exceeded 150 umhos/cm. The regression function also indicated a time
trend at the stream sites (4, 11, 12, and 13) indicating that the trend in
specific conductance is probably not just a result of a trend in discharge.

Dissolved oxygen deficit (the difference between saturation DO and actual
DO concentration) showed an upward trend (lower DO) with time at gites 3 and 5.
This could be due in part to lack of rainfall and a predominance of ground-
water seepage, low in DO, into the canals. However, similar tends in DO should
have occurred at other sites. Little or no trend in DO deficit is noticeable
at sites (11 and 13) downstream from the treated wastes inflow (figs. 26d and
26e). The lack of trend indicates that waste effluents are probably not a
primary cause of the low DO concentrations which often occur in Reedy Creek,
or if the wastes inflow affects the DO, it is not noticeable with the data
available. Two samples of DO at site 11, both prior to RCID development, were
greater than saturation concentratlons. Both samples were taken during ex-
tremely low discharge (0.05 ft3/s or less) and at water temperatures of 26.5°
Celsius or greater. The high DO values were probably due to a high rate of
production by aquatic plants in shallow and stagnant areas of the streams.

The Kendall-Tau test indicated changes in nitrogen species concentrations
occurred with time at five sites. The changes were in organic nitrogen at four
sites, nitrate nitrogen at three sites, and total nitrogen at two sites. The
regression function contradicted the Kendall-Tau test in seven cases, either by
indicating presence of a time trend where the Kendall Tau did not (nitrate
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nitrogen at site 5, Bonnet Creek, for example), or by indicating no evidence of

a time trend where the Kendall Tau indicated a trend (nitrate nitrogen at site 4,
Cypress Creek for example). Contradictory conclusions from the two statistical
tests could be an indication of a discharge effect on concentration, or could
merely be the result of the different assumptions underlying the two tests.

Organic nitrogen apparently increased with time at sites 2, 4, and 8, and
decreased with time at site 9. At site 2, however, only three samples were
taken prior to 1979, an insufficient number to definitely indicate a trend.
Plots of organic nitrogen with time, shown in figure 26f for site 4 (Cypress
Creek) and figure 26g for site 8, (Whittenhorse Creek) verify the increase in
organic nitrogen with time. Cypress Creek and Whittenhorse Creek are outside
the RCID and the trends in organic nitrogen are therefore not related to RCID
development.

Nitrate nitrogen decreased with time, according to the Kendall-Tau test,
at site 4 (Cypress Creek) and site 8 (Whittenhorse Creek), and increased at
site 11 (Reedy Creek near Vineland). At site 4, nitrate concentrations
exceeded 0.1 mg/L in 5 of 11 samples taken from 1963 to 1971, and have not
exceeded 0.1 mg/L in the 18 samples since 1971. The reason for the relatively
high nitrate concentrations prior to 1971 has not been determined. The regres-
sion procedure did not indicate a significant discharge effect on nitrate
concentration at site 4, nor did the procedure indicate presence of a signifi-
cant time trend. A similar situation was observed at site 8, with high nitrate
concentrations (ranging from 0.09 to 1.6 mg/L) for 1966 to 1968, and lower
concentrations (less than 0.04 mg/L) since 1968. At site 11, downstream from
the treated wastes inflow, nitrate shows an upward trend in concentration with
time, but relatively low nitrate concentrations have occurred in some samples
throughout the period of record (fig. 26h). The regression function for site
11 indicated that both the time trend and the effect of discharge on nitrate
concentration were significant.

Trends in total nitrogen were indicated at two sites (2 and 4) by the
Kendall-Tau test, and at two additional sites (5 and 12) by the regression
function. At site 2, however, only two samples of total nitrogen were taken
prior to 1979, an insufficient number to definitely indicate a trend. At
site 4, the regression function, contrary to the Kendall-Tau test, indicated
no trend change in total nitrogen and no effect of discharge on concentration.

Trends in total phosphorus or orthophosphate were indicated by the
Kendall-Tau test at four sites (2, 9, 11, and 13), and except for site 9, were
increasing concentration with time. At site 9, orthophosphate phosphorus
concentrations were relatively high (>0.10 mg/L) in three samples prior to
1979, and excluding these samples, a trend is not apparent (fig. 26i). The
regression function indicated upward trends in orthophosphate concentration at
sites 4 (Cypress Creek) and 5 (Bonnet Creek) that were possibly obscured in the
Kendall-Tau test by the effect of discharge. At site 2 (Bay Lake outflow),
there were only two samples prior to 1979, an insufficient number to definitely
indicate a trend.

A definite upward trend in orthophosphate at site 11 is noticeable begin-
ning in 1972 (fig. 26j). There is also a tendency toward higher orthophosphate
in years following 1972 at site 13 (fig. 26k). The regression function also
indicated a trend in orthophosphate at site 11 and 13, indicating that the
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increases in concentration were probably not due only to discharge. These
trends in orthophosphate concentration are probably due to discharge of the
treated wastes into Reedy Creek from the RCID sewage treatment plant, and to a
lesser degree, possibly also from spills or seepage of sewage from the Osceola
Services sewage treatment plant near Reedy Creek north of Highway 192. Total
phosphorus concentrations were not determined prior to November 1971, so pre-
RCID concentrations of this constituent are not known. However, orthophosphate
generally accounted for most of the phosphorus in samples where both forms were
determined.

In summary, trends in water quality have apparently occurred at several
sites in the RCID and vicinity. The trends have generally been in the direc-
tion of increasing constituent concentration with time. Many of the trends may
be related to a continuing deficit of rainfall which allowed buildup of chemi-
cals from the atmosphere on the land surface and in water stored in the area.
The only trends in water quality that are explainable in terms of known devel-
opments are an increase in phosphorus and specific conductance at sites 11 and
13 on Reedy Creek, and possibly an increase in nitrate concentration at site 1l.
These upward trends in constituent concentration are probably due to disposal
of treated wastes from the RCID treatment plant, and possibly, to a lesser
degree from some seepage or spillage of wastes into Reedy Creek from the
Osceola Services sewage treatment plant.
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MASS BALANCE FOR WATER AND SELECTED CONSTITUENTS

An input-output balance for water, dissolved solids, nitrogen, and
phosphorus for the undeveloped area south of Highway 192 was estimated for the
period October 1978 through September 1980. The balance was calculated to
determine loadings in various parts of the watershed and to quantify the effect
of wetlands on the loading of Reedy Creek. Water years 1979 and 1980 were
selected because of the more numerous water-quality and precipitation data as
compared to other years, including estimates of quantity and quality of
treated-wastes inflow furnished by the Reedy Creek Utilities Company and the
RCID Environmental Services Laboratory. The water-quantity and water-quality
balances were computed as follows:

© Inflow was estimated as the sum of water discharged by Bonnet Creek at
site 5, Reedy Creek at site 11, and Davenport Creek at site 12, Dis-
charges of Reedy Creek and Bonnet Creek were separated into components
from within and outside the RCID.

© The quantity and quality of water in Reedy Creek originating outside the
RCID was estimated by applying the yield from Whittenhorse Creek (site 8)
to the entire drainage area of Reedy Creek lying outside of the RCID,
According to Putnam (1975), 56.4 miZ of the 75 mi2 Reedy Crek basin at
site 11 is outside of the RCID, including the 12,4 mi2 drainage area of
Whittenhorse Creek.

© The quantity and quality of water in Bonnet Creek originating outside the
RCID was estimated by applying the yield for Cypress Creek (site 4) to the
drainage area of Bonnet Creek lying outside of the RCID. According to
Putnam (1975), 41.4 mi2 of the 56.1 miZ Bonnet Creek basin at site 5 is
outside the RCID, including the 30.3 mi2 drainage area of Cypress Creek.

© Treated-wastes loadings were estimated from records for the discharge from
overland flow areas to Reedy Creek. Therefore, these loadings include an
undetermined contribution from rainfall to the combined 125-acre overland-
flow area.

© Rainfall quantity to the 14 mi2 area south of Highway 192 was assumed to
be counterbalanced by evapotranspiration and was not included in the water
balance. Rainfall to this area was considered in the water—quality
loadings because materials from atmospheric deposition are not removed by
evapotranspiration., Estimates of rainfall quality were from composite
samples of bulk precipitation (rainfall plus dry fallout) taken at
Maitland, Fla., about 30 miles north of the RCID (Irwin and Kirkland,
1980). Rainfall quantity was measured at site 1ll.

© Outflow from the area was assumed to be from Reedy Creek (site 13) and
from culverts in the levee forming the eastern boundary of the RCID, south
of Highway 192, The quantity of water discharged through these culverts
was not measured, but is assumed to be the difference in combined inflow
from Reedy Creek, Bonnet Creek, and Davenport Creek, and outflow to Reedy
Creek at site 13. Loads discharged from the culverts were estimated using
water-quality samples from Bonnet Creek at site 5, because the culverts
accept overflow along a channelized reach of Bonnet Creek.
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Water—quality loadings were computed from periodic samples of water
quality. Annual mean concentrations were used with annual mean discharge
to estimate average loadings for the 1979-80 period. Dissolved-solids
concentrations were estimated by multiplying specific conductance by 0.65
(Hem, 1970, p. 99). The number of samples allow only approximations of
loadings, but the ranges in constituent concentrations were generally
relatively low, so that the mean concentrations are probably reasonably
accurate, A summary of water—quality data used in estimating stream
loadings and contribution from precipitation is given in table 13. The
error in rainfall quality is probably greater than the error in stream
quality because rainfall quality was not actually determined in the RCID
area. The rainfall-quality data used were for a station in an urbanized
area. However, the rainfall-quality data probably indicate the relative
magnitudes of rainfall and runoff loadings.

Confidence in the balance of the measured inflows and outflows to account
for water entering and leaving the undeveloped area is supported by the data
for water year 1980. During this year, the inflow from Reedy Creek (site 11),
Bonnet Creek, and Davenport Creek was 47 ft3/s, and equal to outflow to Reedy
Creek (site 13). Water year 1980 was a very dry year with only 34.6 inches of
rainfall recorded at site 11. Overflow of water through the culverts was
probably negligible due to the low rainfall, and discharge of Reedy Creek at
site 13 probably accounts for nearly all of the water leaving the area.

During the 1979 water year, 53.4 inches of rainfall were recorded at
site 11, and the combined inflow from Reedy Creek, Bonnet Creek, and Davenport
Creek (68 ft3/s) exceeded outflow at site 13 (47 ft3/s) by 21 ft3/s, or 45
percent. The excess inflow water was assumed to have left the area through the
culverts. The wetlands of the area may have stored some of the excess inflow
in 1979, but that water should have been released during 1980 because in 1980
rainfall was very low. Though the possibility of errors in the water balance
of the RCID undeveloped area is obvious, (not all inflow and outflow was
measured, and some of the water in Reedy Creek at site 13 may originate from
outside the RCID) the method described is probably adequate to approximate the
hydrologic system of the undeveloped area.

The water balance and the dissolved solids balance are shown in figure 27.
Reedy Creek contributed about 46 percent of the inflow to the undeveloped area
for the water years 1979-80 computation period. About 68 percent of the Reedy
Creek inflow originated from within the RCID, and about 20 percent of the Reedy
Creek inflow was discharge from the overland flow facilities of the RCID waste
treatment process. Bonnet Creek accounted for about 39 percent of the inflow
to the undeveloped area, and drainage to Bonnet Creek from the RCID accounted
for nearly all (96 percent) of this inflow. Runoff from within the RCID
accounted for about 69 percent of the total inflow to the undeveloped area,
although the combined drainage areas of Reedy Creek and Bonnet Creek lying
inside the RCID account for only about 22 percent of the total drainage area of
Reedy Creek, Bonnet, and Davenport Creek.

About 81 percent of the inflow to the undeveloped area was discharged by

Reedy Creek at site 13. The remaining 19 percent was assumed to have been
discharged through the culverts on the east levee south of Highway 192.
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WATER BALANCE
UNGAGED
OUTFLOW | BONNET CREEK
WITHIN RCID BONNET CREEK
OUTSIDE RCID
RCID TREATED
WASTE OUTFLOW
REEDY CREEK "5.‘,".}2,?:5.%"
2 3
J 9
& REEDY CREEK L
5 OUTSIDE RCID Z
0 DAVENPORT CREEX
ESTIMATED INFLOW 1S 57.8 CUBIC FEET PER SECOND
DISSOLVED SOLIDS BALANCE
BOUTSIOERGID
DIVERTED EASTWARD STORED (goNNET CREEK RCID TREATED
'"T""‘ WASTE OUTFLOW
REEDY CREEK
WITHIN RCID
REEDY CREEK
6 :
m REEDY CREEK -
E 0UTSIDE RCID L
0 DAVENPORT CREEK =
ESTIMATED DISSOLVED SOLIDS INFLOW IS 36,400 POUNDS PER DAY

Figure 27.—-Estimated water and dissolved solids balance for Reedy Creek
Improvement District undeveloped area, October 1978 through September
1980 (Rainfall contribution based on average dissolved solids at Maitland,
Florida (Irwin and Kirkland, 1980).

87



The dissolved-solids balance (fig. 27) shows that about 68 percent of the
dissolved solids load to the undeveloped area was from the RCID. The high
percentage of dissolved solids from the RCID is largely a result of the high
runoff, rather than a source of highly mineralized water. The treated wastes
accounted for about 15 percent of the dissolved solids loadings and rainfall
provided about 12 percent. The estimated dissolved solids loading of the
undeveloped area for the computation period is 36,400 1b/d.

About 70 percent of the dissolved-solids input to the undeveloped area was
discharged by Reedy Creek. The culverts accounted for an estimated 12 percent
of the dissolved-solids load. The remaining 18 percent is unaccounted for, and
represents either error in the estimates of mean concentrations or discharges
used to compute the loads, or storage of dissolved solids in the wetlands area.
Plants require relatively large amounts of calcium, magnesium, and potassium
(Nebel, 1981, p. 121), and uptake of these elements by trees and other plants
could account for some of the dissolved solids, though eventually elements
stored by plants would be returned to the ecosystem by death and decay.

The balance of total nitrogen and phosphorus for the undeveloped area for
the 1979 and 1980 water years is shown in figure 28. The estimated bulk-
precipitation contribution accounted for about 45 percent of the total nitrogen
input. The treated-wastes nitrogen contribution was only about 4 percent, or
considerably less than the treated wastes dissolved-solids contribution of 15
percent. Outflow from the area accounted for about 55 percent of the inflow,
leaving an estimated storage of about 45 percent of the inflow nitrogen within
the undeveloped area. The total nitrogen inflow to the area, including
rainfall, was estimated to be 1,010 1bs per day.

The estimated total phosphorus balance indicates that the treated-wastes
outflow from the overland flow treatment facilities furnish a substantial part
of the phosphorus load. The treated wastes accounted for about 53 percent of
the phosphorus load in Reedy Creek at site 11, and accounted for about 36
percent of the total phosphrous load to the undeveloped area, a considerably
greater proportion than for dissolved solids or nitrogen. Rainfall contributed
an estimated 26 percent of the phosphorus load. The percentage of the
phosphorus input stored in the undeveloped area (59 percent) was considerably
greater than the storage percentage for dissolved solids (18 percent) or
nitrogen (45 percent). The total phosphorus input to the area was estimated to
be 193 pounds per day.

The major conclusions from these loading computations, subject to the
errors inherent in the methods used, are that:
© Rainfall accounted for a considerable proportion of the nitrogen and
phosphorus loading of the undeveloped area (45 and 26 percent,
respectively).

The treated wastes accounted for a significant proportion (36 percent) of
the phosphorus loading.

© Storage of dissolved solids, and especially nitrogen and phosphorus,
occurred in the undeveloped area.
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TOTAL NITROGEN BALANCE
BONNET CREEK WITHIN RCID
BONNET CREEK OUTSIDE RCID
RCID TREATED WASTE OUTFLOW
REEDY CREEK
WITHIN RCID
STORED REEDY CREEK
OUTSIDE RCID
DIVERTED
EASTWARD DAVENPORT CREEK
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™ ..|
- L
2 Z
0
ESTIMATED NITROGEN INPUT IS 1010 POUNDS PER DAY
TOTAL PHOSPHORUS BALANCE
BONNET CREEK WITHIN RCID BONNET CREEK OUTSIDE RCID
RCID TREATED
WASTE OUTFLOW
STORED
REEDY CREEK
WITHIN RCID
3 DVERTED ~
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K DAVENPORT CREEK  Z
2 Z
ESTIMATED PHOSPHORUS INPUT IS 193 POUNDS PER DAY

Figure 28.--Estimated nitrogen and phosphorus balance for Reedy Creek
Improvement District undeveloped area, October 1978 through September
1980 (rainfall contribution based on average concentrations at Maitland,
Florida (Irwin and Kirkland, 1980).
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Other studies that reported on water—quality balances for lakes indicate
that lakes are sinks for nitrogen and phosphrous and that rainfall is a sig-
nificant source of these nutrients. Joyner (1974) found that 22 percent of the
nitrogen and 36 percent of the phosphorus input to Lake Okeechobee were re-
tained in the lake. Precipitation accounted for 30 percent of the nitrogen and
26 percent of the phosphorus entering the lake. Greeson (1971) reported that
20 percent of the nitrogen and 62 percent of the phosphorus input to Oneida
Lake (in New York) is retained. This retention of material in a lake is a part
of the eutrophication process, in which lakes are filled with sediment and
organic debris to become marshland, and eventually, dry land. The RCID unde-
veloped area is not a lake, but entrapment of material (especially nutrients)
in wetlands areas may be occurring in a manner similar to that in some lakes.
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SUMMARY AND CONCLUSIONS

A systematic program of data collection in the RCID and vicinity has

provided a data base for the determination of the hydraulic and water—quality
characteristics of the area and for an assessment of the impact of development.
A summary of the major findings of this investigation follows.

©

Rainfall was deficient in the RCID area since development of the area
commenced in 1968. Mean long-term rainfall for the period 1931-66 was
52.42 inches per year, based on records for Kissimmee and Isleworth. At
the end of water year 1980, the accumulated rainfall deficit since 1966 is
nearly 85 inches (6.1 in/yr) based on Kissimmee and Isleworth rainfall,
and nearly 95 inches (6.8 in/yr) at Bay Lake, within the RCID. This
rainfall deficiency has affected stream discharge, ground-water levels,
and possibly water quality in the RCID.

Long-term records of discharge of Cypress Creek, which drains the area
north and east of the RCID, show that annual mean discharges have been
consistently lower since 1971 than in previous years. The rainfall-
discharge relation for Cypress Creek is variable, and during dry years,
part of the Cypress Creek basin is probably noncontributing due to storage
of runoff in the Lake Butler chain of lakes.

Long-term discharge records for Reedy Creek near Loughman, downstream from
the RCID, indicate that discharge from 1970 through 1980 was lower, in
relation to rainfall, than for the period 1940 through 1959, The lower
discharge since 1970 is probably due in part to manmade alterations of the
basin within the RCID. Retention of water by control structures probably
increases evaporation, and diversion of water from the undeveloped area of
the RCID south of Highwy 192 may cause an average of about 40 ft3/s of
discharge to bypass the Reedy Creek gaging station. Some of the flow
reduction during dry years may be due to storage of water in swampy areas
which causes a reduction in the contributing drainage area.

Low-flow characteristics have changed in the Reedy Creek basin. At the
gaging station near Vineland (Highway 192 crossing), discharge has not
ceased since 1968 due to discharge of treated wastes to the stream. Down-
stream from the RCID (near Loughman), periods of no flow have occurred
only since 1970. Retention of water in the RCID wetlands area upstream
from the Loughman gaging station, and possibly diversion of water from the
wetlands area, are probably responsible for the periods of no discharge.

The potentiometric surface of the Floridan aquifer has declined as much as
30 feet at some locations since 1961l. Because the period of development
corresponds with a period of low rainfall, it is not possible to defin-
itely assess the impact of the RCID and associated development on the
decline of the potentiometric surface. However, the hydrographs of wells
both near and more distant from the RCID indicate that the declines near
the RCID are no greater than declines elsewhere. Therefore, withdrawals
of ground water in the RCID have probably not had a widespread effect on
the potentiometric surface of the Floridan aquifer.

The pH was lower than the FDER minimum criteria of 6.0 at 12 of the 13
water-quality sampling sites (exception was outflow from Bay Lake). The
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low pH values are a natural property of waters in the RCID and are gener-
ally due to leaching of organic acids from vegetative debris in canals or
swamps. The low pH values are generally accompanied by high color as a
result of the leaching process. However, outflow of water from South Lake
generally had pH values lower than 6 but had low color. The low pH is
probably the result of a combination of acidic type rainfall and a lack of
buffering capability in the lake, which apparently receives no inflow of
water from the Floridan aquifer.

DO concentrations are often less than the water—quality criteria set by
the FDER (5.0 mg/L). The low DO concentrations, like the low pH's, are
probably due to natural processes, including oxygen consumption by decay-
ing vegetative debris and by influx of ground water low in DO into the
canals.

The highest nitrogen concentrations, based on median values of all samples,
occurred in undeveloped areas or in areas of citrus groves. The highest
phosphorus concentrations were at sites downstream from treated wastes
discharge.

Mercury, zinc, cadmium, copper, silver, iron, and lead concentrations
exceeded FDER criteria for aquatic life protection in some samples in the
RCID and vicinity. However, criteria for cadmium, mercury, and silver are
less than analytical detection limits used for most of this study and
therefore, exceedance frequencies reported for these metals are somewhat
arbitrary. Copper, iron, lead, and silver concentrations exceeded the
water—-quality criteria in only 5 percent or less of the samples. Silver
was detected only once, at Cypress Creek, and probably originated from a
local source. Mercury, which exceeded the criteria of 0.2 ug/L at least
once at all sites except site 9 may originate from atmospheric deposition.
Zinc concentrations exceeded the criteria of 30 ug/L at 10 of the 13
sampling sites. The widespread occurrence of zinc seems unrelated to
development. Cadmium exceeded the criteria of 0.8 ug/L in about 20
percent of the 41 samples, and at 5 of the 13 sites. The presence of
cadmium does not correlate strongly with areas of development, and may be
due in part to atmospheric depcsition. The overall rates at which the
metals exceeded water—quality criteria does not correlate with proximity
of the sampling site to developed areas, but seems to be related to the
color of water. The water at sites with the highest frequency of metals
criteria exceedance is also highly colored. The frequent presence of
metals in highly colored water may be due to formation of soluble organo-
metallic complexes with the organic compounds that cause color, or due to
the lower pH of the highly-colored waters.

The distribution of organic compounds, principally insecticides and
herbicides, seems related to development. Streams in undeveloped areas
outside and in the RCID had the lowest rate of detection of organic
compounds. Malathion, 2,4-D and silvex were the compounds most commonly
detected near the resort areas.

Malathion most often exceeded FDER water-quality criteria for organic
compounds (0.1 ug/L). About 15 percent of the samples for malathion
exceeded the criteria. The criteria were exceeded at 6 of the 13 sites.
The frequency at which organic compounds exceeded water—quality criteria
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correlates with proximity of the sampling site to the developed areas.
The sites with the highest frequency of criteria exceedance are near the
resort areas or receive runoff from them. Excessive concentrations of
malathion are apparently confined to the areas of application. Malathion
never exceeded water—quality criteria downstream from the resort areas
where it is mostly detected and was never detected in Reedy Creek down-
stream from site 10.

Organic compounds were more widespread in bottom sediments of the area's
streams and canals, and on a per unit weight basis, were present in much
higher concentrations in bottom sediments than in water. Compounds

detected in at least 10 percent of the samples of bottom sediments in

order of decreasing frequency of detection were chlordane, dieldrin, DDE,
DDD, DDT, PCB, and methyl parathion. These compounds were widely dis-
tributed and were detected at 7 to 12 of the 13 sites. Except for methyl
parathion, the compounds are the insoluble and highly-persistent organo-—
chlorine type, and thus, tend to accumulate and persist in bottom sediments.

The presence of organic compounds in bottom sediments was more frequent at
sites near agricultural areas than in the developed areas, probably due to
their present or historical use in the agricultural areas. The widespread
occurrence of PCB is unexpected because that family of compound is not used
as a pesticide. DDT and its derivatives DDD and DDE have not been used

for many years, but due to the longevity of these compounds, will probably
continue to be detected for many years. The frequency of detection of
organic compounds was unusually high in bottom sediments of Reedy Creek
near Vineland (site 11), although the site is not near agricultural areas.

Trends in water quality at several sites in the RCID and vicinity have
generally been in the direction of increasing constituent concentration
with time. Many of the trends may be related to a continuing deficit of
rainfall which has possibly allowed a buildup of chemicals on the land
surface and water stored in the area. The only trends in water quality
which seem to relate to development are an increase in specific conduct-
ance, phosphorus, and possibly nitrate nitrogen in Reedy Creek. These
increases are probably due to disposal of treated wastes from the RCID
treatment plant and possibly to a lesser extent to spills and seepage from
the Osceola Services sewage treatment plant west of Reedy Creek and north
of Highway 192.

Balances for water, dissolved solids, nitrogen, and phosphorus entering
and leaving the RCID undeveloped area south of Highway 192 during water
years 1979 and 1980 indicate that rainfall accounted for a considerable
proportion of the nitrogen and phosphorus loading of the area (45 and 26
percent, respectively). The treated wastes from the RCID overland flow
facility accounted for more than half of the phosphorus in Reedy Creek
inflow to the undeveloped area (at site 11) and about 36 percent of the
total phosphorus load to the area. Some dissolved solids (about 18
percent) and considerable quantities of the inflow phosphorus (59 percent)
and nitrogen (45 percent) were apparently retained in the wetlands area.
For the 2-year period, estimated input to the wetlands area per day was
36,400 pounds of dissolved solids, 1,010 pounds of nitrogen, and 193
pounds of phosphorus.
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SUPPLEMENTAL DATA

Summaries of data for the 13 surface-water sites are given in this
section. Organic compounds analyzed for, but never detected at any of the
sites are not included in the summaries. These are polychlorinated
napthalenes, aldrin, endodsulfan, endrin, heptachlor, heptachlor epoxide,
methoxyclor, methyl trithion, parathion, trithion, and 2,4,5-T in bottom
sediments.

The remarks column, labeled '"Rmks", lists the number of qualified
analyses, or those reported as less than the given concentration. The data
summaries for constituents with qualified values therefore represent a maximum
condition, and actual summary values could, in some cases, be less than the
indicated values.
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No6aAS
DO6HO

11105
11on?
G112
710727
uln3e
01062
11068
»1051
71900
11067
911187
1nory
1nee

33350
3133A0
13365
9370
3d-T70
33340
$4398
1934t

39%30
33560
33514
3370
33730

413333
13351
13363
13348
13373
313571
43343
391399
396422
ELY |
13514
13781
13403
BERAD

s
-
-
"
N

PRUPERTY Ox CONSTITUEIWNT

COLOR (PLATINUMCURALT UNITS)
PH (JNITS)
TE4PERATURE
TURKIDITY (UTu)
TURKIDITY (11U
SPECIFIC CO~NDUTTANCE
OXYGENe NISSILVEN (MG/L)
CALCIUM DISSULVED (MG/L AS
MAGNESTUMs DISSOLVEDL (mG/L
SONT J4s DISSOLVED (M3/L aS
POTASSIHMe LISSOLVED (MG/L
ALKALINITY (Me/L 45> CaCod)
CHLORINE. DISSOLVFU (MG/L 85 CL)
SULFATE DISSOLVED (MG/L A4S SDe)

G €

{MICROMAGS)

Ca)
A5 MG)
NA)
AS K)

NITROGEN.
NITROGE Ve
NITRIGE v
NITROGEN.
NITRIGEN
OHOSOHATE »
PHOS2HNPUS »
SHOSIHO2UIS,y
CARADH,

aMMONIA
NIT-ATE
NITKITE
U=BavIC
TuTa,
TOTaL
Ok THO,
TotaL
ORGANIC TnTal

TovaL
TuTaL
TulaL
ToraL

10TaL

ALUMINUMS TOTA
ARSENTC TOTaL
QFRYLLIUM. TOTAL RECOVERAHLE
CADMIUM TOTAL WCHVERAALE
CHROMIUMs TuTAL RECOVERASLE
CoPPIMe TOTAL RECOVERASLE
1ROMe TOTAL WETOVER23LE
LEADs TOTAL Rt CUVERADLE
MERCJURY TOTAL <tCOvVERAHLE
NICKEZLs TOTAL ECOVERAILZT
SFLENIUMe TOTaC

SILVIR. TOTAL WCHVEIABLT
ZTNCe TOTAL =t JUVERASLC

RECUVERAALF

ORGANICS IN wATERS

CHLOIDANE «
DOD. TATAL
DNE. TATLL
DOTe TOTaL
DIAZI'tONG TUTA_
DIELOIRIM TOTAL
STHIOM. TOTAL
LINDANE ToTAL

T0TaL
TOTAL

TOTAL

MALATHION,
SARATHI(IN
SCks TOTAL
SILVIte TOTuL
2ee=e TOTAL

UXGANICS IN BOTTOM MATERIAL,

ALNRIW. TOTaL IN B0TTuw vaTL2T8L
CHLOSOA F o TOTAL IN 30772 MaTzRIAL
DORe TOTAL N 30TTO™ MaT=ZQla_

INEe TOTAL IN 30TTOM MATINTAL

INTe TOTAL LN 30TTOUM MaTIwiaAL
DIAZInONe Tula_ IN nQOTTOW waTexIAL
JIELINIVe Tofa_ IN wOTTOM maTr21AL
STHION. TOTaL IN S0TTOM vaTH31aL
HEPTACHLOW ¢#P0XIDFE TJ3T. IN mHDTTOM wATL.
METHYL ©ARATHIONS TOT. IN AOTTOM ™MaTL.
PCHe TATAL 1N 39TTOM AATIRIAL

SILvaxe TOTSL [ 80TTnM MaATER|AL
TOXL2=FuF e 10TaL 1IN 30778 maTERTA
Z94=Ye TOTAL IV wOTIJM maATER AL

OUTF _Ow FHRDOM BAY LAKE

SAvPLES

I
TOTAL RMKS | MINIWUM MEDIAN

MAJUNR CONSTITUENTS AND PROERTIES

7 0 1 - 70
14 [ 5.8 6.5
1é [ 13.5 25.0

5 o 1 1 2

7 [} 0 2
1> [ 98 113
le (. 2.8 LYY}

7 [} 3.6 T.4

7 [ 3.2 43

7 0 4.7 7.1

7 [} 1.0 1.6

3 [ 6 22
10 [ 2.2 11.0
10 [ EXS-] 9.8

NUTRIENTS<IN MILLIGRAMS PER LITER

11 [ 0.00 0.02
13 [ V.00 0.01
9 [ 0.00 0.00
10 [/ 0.10 047
B [ 0.25 0.60
3 [ 0.01 0.03
9 o | 0.00 0.01
3 [} 0.vul 0.03
L [ 3.6 13.5
METALSes IN MICROGRAMS PER LITER
2 [ 200 210
2 o | 2 2
2 [ 0 (4
4 [} 0 0
2 o | 10 15
3 [ 0 2
3 [ 150 160
2 [V | 0 o
2 1 1 0.1 0.3
2 [} ] 1
2 0 I 0 0
4 [} 0 0
3 vl 10 20

IN MICROGRAMS PER LITER

B [V 0.0 0.0
bl [} 0.00 0.00
s [ 0.00 0.00
6 [ 0,00 0.00
3 0 1 0.00 0.00
6 [ 0.00 0.00
3 0 1 0.00 0.00
6 [} 0.00 0.00
3 0 | 0.11 1.00
3 0 | V.00 0.00
5 0o 0.0 0.0
b [ 0.00 0,00
3 [ 0,00 0.02

7 [ 0.0 0.0
4 [N} 0 7
7 [ 0.0 0.0
7 N 0.0 0.0
7 [ 0.0 0.0
3 [ 0.0 0.0
7 1 0.0 0.2
3 (L 0.0 0.0
7 0o 0.0 0.0
3 [ 0.0 0.0
7 [} 0 0
2 [ 0.0 0.0
7 [ I 0 1]
5 [ 0 0

98

MEAN

0.02
0.04
0,00
0.69
0.85
0.03
0,01
0,03
16.2

210

o n
« ® =
~NOoOO=wooONUVWOOnNn

-

0.0
0.00
0,00
0.00
0,00
0.v0
0.00
0,00

l.16
0.00

0.0
0,06
0.07

IN MICROSGKAMS PER KILOGRa&M

0.0
31
0.0
0.0
g.0
0.0
0.5
0.0
0.0
0.0
0
0.0
0

v

MAX[vUM

320
T.9
31,0
L

S
180
10.8
17.0
4.9
8,7
1.9
49
16.0
13.0

0.05
0.19
0.01
1.60
1.73
0.05
0.05
0.10
40.0

220

0.0
0.00
0.00
0.00
0,00
0.00
0.00
0.00

230
0.00

0.0
0.2l
0.23

DaTE
FIRST

72-06-01
72-06-01
72-06-01
72=-0A-01
719-06-0%
72-06-01
72-06-01
72-06-01
72-06-01
72-06-01
72-06=-01
72-06-01
72=-06-01
72-06-01

72=-06-01
72=-06=-01
72-0A-01
72=-06-01
75=05-11
75-03-14
72-06-01
72-06-01
76=-05-11

80-05-12
80-0%-12
B0=-05-12
B0=05-12
#0=-05-12
75-03-05
75-084-05
HO=-05-12
#0=-05-12
80-0%=12
80-05-12
80-05-12
75-08-05

75-05-23
75-05-23
75-05-23
75-05-23
78-06-05
75-05-23
78-06-05
75-05-23

79-06-05
78-06-05
75-05-23
76-03-10
75-03-10

75=02-20
75=02-20
75=-02-20
15-02=20
75-02-20
78-06=-05
7>=-02=-20
79=0b-05
715=02=20-
78-06=053
75=02=20
75=03-10
75=-02-2V
75-03~10

VATE
Last

81=-03=-15%
80-I1-03
8l1-03-15
75-05-11
8l-03-1%
81-03-15
81=03-]5
81-03-1¢
81-03-15
#1-03-15
81-03-1%
80-11-03
8l1=-03-15%
Al-03-15%

Al=-03-19%
81-03-15
81-03-15
81-03-15%
81-03-15
75-08=-05
Al1-03-1%
8l-03-1%
81-03-1%

80-09-02
30-09-0¢
80-09-02
$0=09=02
R0=-09-02
80-09-02
80-09-02
80-09-02
80-09-02
B0-09-02
R0=-09-02
80-09-02
80-09-02

80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-n2
80-09-02
B0=-09-02
80-09-02
80-09=-02
80=-09-02
80=09=02
80=-09=-02

80=-09=-02
80-09-02
80=-09=02
40-09-02
80-09-02
40-09=-02
B0-09=-02
80-09-02
80=09-02
80-09=-02
BU=09-02
73=083=20
B80=-09-02
73=08-20



STATION 02293Kn0

CNDE

N00R0
D040
aoul0
10070
H0NnTA
1nes
w0300
#0915
1092%
4030
10935
20410
10940
10945

unslo
10620
90418
1060
10500
[ L3-1H
JOAKD
10507
U0KRAS
10AR0

11105
vinono
11002
Jj012
w1027
nlu3e
ulnaa
11040
n1naz
9104k
01065
[ ¥ XY
RETANE
71890
11900
U10AT
011a7
uinT?
1090
11092

33350
133A0
EEELLY
33370
33570
33340
EERLL
133
39530
313940
3341k
33760
33731

43332
49351
EERLS
193¢
33373
1971
AER Lk
13399
3ya23
1940 ]
13-1y
13741
33402
13731

NETE R OUTFLNw

PPOPEIRTY OR CONSTETUINT

COLNR (PLATINUMCORALT JMEIS)
PR (INITS)
TEMPERATURE
TURRINITY (JTu}

TUPRINITY (NTU)

SPECIFIC CONDUCTTANCE (41TROMH0S)
OXYGEN. NISSILVEN (M3/0)

CALCIUM NISSOLVED (MG/L A4S Ca)
MAGNESTIIMe UISSDOLVED (M/L 45 vG)
SONIJMe DISSOLVED (M3/L 45 Na)

(v C)

POTASSIUMe HHISSOLVEL (MbL/L A3 <)
ALKALINITY (46L/L aS CaCO3)
CHLORTOE. DISSILVFU (46/L AS CL)

SULFATE DISSOLVED (MG/L aS Sue)

NITRIGENS
NITROLE e
NITROGEN
NITRIGEMS
NITRIGE N
PHNS2HaTE o
PHOSPHATF «
SHOS2HNHUS
PHOS29NRUS
CaRUDile

AMMONTA
NITwATE
NITHI1TE
oRGaNIC
Tula_
10T8L
URTHD
UrTHO.
TulaL
ORGANIC TOlaL

TOTAL
TOTaL
TOoTAL
TOTaL

DISSULVED
TITaL

ALUMINUMe TUTAL WFCOVERAILF
ARSENIC NISSOLVEY

AWSENIC TOTaL

AERYLLIUMs TOTAL RECOVERAHLE
Cap¥luv ToTaL eCOVEIASLE
CHHOMIUMe HEXAVALENTS VIS,
CHHROMIUMe TOTAL HFCOVFRAILE
COPPER, NISSOLveD

COPPIRs TDTAL ReCOVEIadLE
IRONe NDTSSOLVED

I¥ONe TulalL RECOVERSALC
LEADs NESSOLVED

LEADe TOTAL WECOVEHu3ILE
MERCURY DTSSOLVED

MERCJRY TOTAL XIECOVEAHLE
NICKZLe TOTAL <RECOVEIaoLI
SELFNTIUM. TOTaL

SILVER. TOTAL RECOVERA3LE
ZINCe NDESSOLVED

ZINCe TOTAL RECUVERASLE

ORGANICS IN wATER

CHLUOSDAGE e FuTaL
DNie TOTAL

NDUEs TOTaL

AMTs TOTAL

b1 T YAULLTER 11 S 30
JIFLININ TOTAL
ITHED 4. TOTAL

LINDauE TOTaL

ORGANICS IN HOTTOM MATERIALS

MaLaTHEnN, TOTAL

PARATHIUNe FOTaL

oCu. TOTAL

SILVIXs TOTAL

2sa=)s INTAL

ALDW] 1o TOTAL In ROTTOWM MalFfal
CHLOUDAGF « TOTAL IN S301TIM MATERIA_
NULe TNTAL 1N JOTTUM MATZw]bAL

MEe TOTAL N 30TTUN A 1AL

INTe ToTel, 9 30TTOM HalIinlay
DIAZIMONS TuTa_ IN KOTTOw walpuvrap
DIEL DT e ToTA_ [N =OTTNOM MaTewfaL
STRIDue THTAL 1w 4OTTOM MATER]LL

SFPTACHLOR +RUXIDF TI2T,. IN RITTOM 9ATL.
METHYL 2aRal™]1dne TOT, [N RGTTUM MaTL,
SCHe TOTAL IV 40TTOM aTIxTaL

STLVIXs INTaL [ QUFTun MATERLSL
TOXAPHENF o« TUTAL TN 301794 MATSHIAL
2¢4=)s TOTAL INv BOTTOM MATEWRIAL

FHRIM SOUTH LAKEZ

SAMPLES

]
TOTAL RMRS | MINIVUM MEDIAN

MAJNR CONSTITUENTS AND PROPERTIES

23 [} 0 10
23 0 LYY 5.0
34 [ 16.0 2640
20 [ ] 1 9
9 0 i 0 4
32 [} 67 133
23 [ ] 2.3 7.0
20 o 2.9 4.1
20 0 3.1 4.3
18 o | 7.6 9.2
13 [ ] 1.8 267
21 [ I} 0 2
26 (U} 3.7 15.5
25 o i 13.0 27.3
NUTRIENTSs IN MILLIGKAMS PER LITER
22 ot 0.00 0.02
23 [ ] 0,00 0.00
21 0o 0.00 0.01
34 0 ¢ 0.05 0.29
16 [} 0.08 0.29
10 ot V.00 0.06
13 o | 0,00 0.03
21 [ 0.00 0.01
21 [ 0.00 0.02
2% e | 0.0 3.0
METALSs IN VICROGRAMS PER LITER
2 [ 10 S5
3 [ 0 10
4 0 | 0 1
2 [ 0 0
3 1 1 0 0
3 [ ] 0 0
3 o 0 20
11 o | [} 3
3 [} 0 1
13 0 | 20 S0
3 [} 60 120
11 [} 0 [
2 [} 1 3
1 [} 0.1 g.1
2 1 1 0.1 0.2
2 o | 0 0
2 o 0 (]
2 v 1 0 0
11 o | 10 20
3 [} 10 20

7 [ | 0.0 0.0
11 [ 0.00 0.00
11 [ 0,00 0.00
11 [ 0.00 0.00

7 [ | v.00 0.00
11 ot 0.00 0.00

7 0 v.00 0.00
11 o | 0.00 0.00

7 (U} 0.00 0.00

7 [ 0.00 0.00

7 [ 0.0 0.0

7 (UM 0.00 0.00

7 o | 0,00 0.00

11 0 0.0 0.0
14 o 0 ]
11 o 0.0 0.0
11 o 0.0 0.0
11 [} 0.0 0.0
5 [ 0.0 0.0
10 [ 0.0 0.0
3 [N} 0.0 0e0
5 [ 9.0 0.0
B 0 I 0.0 ¢.0
7 [ 0 0
5 ot 0.0 0.0
b} v ot ] 0
5 u I [} 0

O
e

IN MIZROGRAMS PER LITER

YEAN

27
Se0
25.1
3

3
137
6.5
4.5
4.9
9.2
3.1

2

15.0
2845

0.02
0,02
0.01
0.45
V.33
0.04
0.03
0.01
0.02

4.6

-

—

oo Ld
) -
VOOONHWFN~NNDWS NS ~O U

LY
<

0.0
0.00
0,00
0.00
0.00
V.00
0,00
0.00
0.00
0.00

0.0
¢.00
0,00

IN MICROSRAMS PER KILOGRAM

0.0

MAK IMUM

B0
5.8
32.0
31

190
10.0
6.1
6.9
11.0
5.0

19.0
44,0

0.13
0.20
0.05
5.00
0.81
0.09
0.06
0,02
0.08
2040

100

e
.
COCO0OOON= &N

w N

0.0
0.00
0.00
0.02
0.00
0.00
0,00
0.00
0.00
0.00

0.0
0.02
0.00

<
.

—0 o QO NS
e 2 s a0 s 0

OCDIONNVOO NP +FITWwo

DATZ
FIRST

6R=]10-26
68=10-¢26
6R-10-24
69-07-16
78-08-28
69-10-2¢
68~10-24
6R=10-24¢
68-10-26
68=10-24
68-10-26
68=10-26
68-10-24
68=10-20

71-11-23
71-11-23
T71-11-23
68-10-264
T74-08-07
68-10-24
69-10-24%
71-11-23
71-11-23
70-09-01

HU=05-12
70=08-27
72-05-08
#0=-05-12
75-09-03
71-03-01
70-04-27
70-04-27
75-04-05
€8-10-2¢
73-08-05
70-04-27
A0-05-12
70-08-27
80~-0h~-12
80=-05-12
B0-05-12
R0-05-12
70-08-27
75=-08-05

12-02-09
70-09-01
T0-09-01
70-09-01
11-03-01
70=-09-01}
71-03-01
70-09-01
71-03-01)
71-03-0}
72-02-09
71-11-23
71-11-23

70=09-01
72-02<-0y
70-09-01}
70-09-01
70-09-01
72-02-09
70-09-n})
18-08-24
72-08-17
72-02-09
T2=-07=-09
71=-11-23
1?=-08-17
71-11-¢23

0aTE
Las’y

Al-03~-15%
80-09-02
80-09~02
77-10-05
81-03-1%
81-03-19
80-09-02
Al-03-1s
81-03-15
R1-03-1%
81-03-15
40-11-03
Bl1-03-1%
81-03-1%

81-03-15
81-03-19
81-03-1%
R1=03-15
81-03-15%
75-09=-03
72-02-07
81-03-15
81-03-19%
81-03-19

R0=09-02
T7-10-0>
80-09-02
80-09-02
80-09-02
T7-10-0>
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
T7-10-05
80-09-02
70-08-27
80-09-02
B0-09-0¢2
80-09-02
80-09-02
77-10-05
80-09-02

80-09-02
R0=09-02
80-09-02
80-09-02
R0~-09-02
80-09-02
RO=09=-0?2
80-09-0°
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02

B0-09-0°
80-09-02
RO=09-02
80-09-02
80-09-02
80-09-0~
H40-09-02
80-09-07
80-09-02
RO-09-02
R0=~09-0<¢
73-08-20
H0=09~02
79-08-20



STATION 02254000

CODE

unoan
Jpenn
vonl0
920070
20NTH
ULULLY
40300
vovls
9092%
w0930
00935
Hpal0
50940
DI LT

UNALN
N0K~20
vos1S
40405
woADN

TU0%5¢u
0Von6N
10507
VwoRBS
00580

vl10%
w000
viooe
01012
01n27
01032
9103e
91040
01042
V1044
01045
[3Y T
01051
71830
71900
01067
Ulla7
91077
01090
01092

33350
EEELY
333R5
3937¢
33470
33380
33398
33340
33530
39940
33%16
33740
39730

33333
33351
3314¢3
3338w
33373
33-7]
13393
EEXL L]
3323]
33501
33519
337k1
43603
33731

PRUPERTY OR CuNSTITLZENT

SITE a3

CYPRISS CHIEK
SAMPLES
TOTaL RMKS | MINIwWUM MEOIAN

MAJUR CONSTITUENTS aND PROJERTIES

COLNR (PLATINUMCORALT UNITS) 27 [ 140 400
PH (JITS) 25 0 i 2.8 4ab
TEMPERATURE (DG C) 33 0o | 0.0 22.0
TURRIDITY (JTu) la [ 1 2
TURHIOITY (T 7 0 0 1
SPECIFIC COMUUCTTANCE (M]CRDM4OS) 2% [ o8 95
DAYGRING NISSOLVED (M3/0) 18 0o | 2.9 4,8
CALCTUM DISSULVED (MG/L AS CA) 22 [ 0.9 1.9
MAGNESTUMe UISSULVED (MG/L &S uG) 22 [ | 0.9 2.2
SNOIUMe DISSOLYED (MG/L AS NA) 21 " 2.6 6.9
POTASSTUMe DISSOLVEI (ML/L &S x) 21 [ 0.0 n.2
ALKALIHITY (M5/L AS Caco3l) 23 0o i 0 0
CHLOXINEs DISSILVEYD (“s/L AS CL) 2% o | 7.8 150
SULFATE DISSULVED (M3/L aS ¢04) 26 [V} 0.0 4.7

NUTRIENTS«IN MILLIGRAMS PE LITER
N1TRIGENe AMMONIA TOTAL 15 [V} V.01 0.05
NITROGE e NITHAIF TOTaL 15 o | 0.00 0,00
NITRIGEMs NITRITE TOTaL 15 [} 0.01 0.02
NITRIHENe OHGANIC TUTaL 25 [/ 0.32 1.20
NITPOGFNe TulAL 11 0o | 0.86 le87
OHI)SIHATF e TOTAL 10 [ V.02 0.0¢
OHOSPHATF « ORTH(Ue DISSULVED 1s 9 0.01 0.06
PHOSOMNRUSe ORTHO, TOTAL 15 [ | 0.00 0.02
PHNSIHNRNSe TOTAL 15 [ 0.00 0.02
CARRINe ORGaN]IZ TaTal 20 [ 33.0 60.5

METALSy IN MICROGRAMS PER LITER
ALUMINUM. TuTaL RECHVERAILF 2 [} ] 90
ARSENIC DISSOLVED 10 o 0 5
ANSENIC Torag [3 [} 0 1
IFRYLLTUMe TOTAL RECIVERAMLF 2 [ | 0 0
CanpMIu4 TOoTAL 2tCNVERAWLE 3 o 0 ]
CHROMIUMe Hr.XAVALENTs uls5. ? 0o 3 0
CHHOMIUMe TOTAL HECUVENAILE 5 2 | 0 10
COPPEKR. NISSOLVED 11 [ [} [}
COPRER. TOTulL RECOVERAHLE 3 [ | 0 1
IRONe OTSSOLVED 17 o 0 380
IRONe TOTAL KECUOVEWAILE . [} 0 600
LEADs DISSOLVE)D 11 o ! [} 2
LEADs TNTAL Rt COVERAILE 3 [ 2 6
MERCJRY NISSULVED 1 0o | 0.2 0.2
MERCJHY TOTAL W COVERABLE 3 2 1 0.2 0.5
NICKEL s TOTAL 3IECOVERAALEZ 3 o | 0 [}
SELENIUMe TitTa. 2 [ | [] ]
SILVER. TOTAL RECOVERABLE 3 o | [] [}
Z1MCe NISSOLVE) 11 [ | 10 30
ZIMCe TOTAL HECOVERAILE 3 [\ 10 10

CHLOWANE S TOTAL 7 o i 0.0 0.0 0.0
o0Ne TNHTAL 10 [ | 0.00 0.00 0.00
NNE. TOTAL 10 [ B} 0.00 0.00 0.00
INTe Torat 10 [} 0,00 0.00 0.00
OIAZTNONe TuTa, s [ 0,00 0.00 0.00
DIELIRIM Totat 10 0o 1 0.00 0,00 .00
ETrIdnN, TNTaL s [} 0,00 0,00 0.00
LINOANE INTAL 10 0 | 0.00 0.00 0,00
MALATHINOM. TOTAL L) ¢ | V.00 0.00 0.00
dARATHAIONS TOlAL L [ | 0,00 0.00 0,00
9CHe TOTAL 7 [} 0.0 0.0 0.0
SILVZKe TOTAL [} [} 0,00 0,00 0.00
2e6=>s TOTaAL [ [ 0,00 0.00 0.00
URGANICS IN HOTTOM waTE[aLs IN MICROSRAMS PER KILOGRAM
ALDRING TNTAL [: 20TTOM waTF <Al 11 oo 0.0 0.0 0.0
CHLO<NANEs TOTAL IN 307704 »aTFRIA_ ? [ | 0 [} 3
D0De TATAL JIN 30TTOM maTZIRIAL 11 [ 0.0 N.4 l.1
ODEe TOTAL 1IN JUTTOM M4 Tal 11 [} 0.0 0.0 le3
DNTe TOTAL IN 30TTOM &ATER]AL 11 0 | 0.0 0.0 0.2
dIAZIMONG TulA_ M “ITIUM MATF~]AL [y (U] 0.0 0.0 0.0
JIELIVIwe Thlar IN BOTI0 mATESTAL 11 [ 0.0 0.1 0.1
ZTHIMG TOTAL Td ROTTOM MATEX[aL 2 o | 0.0 0.0 0.0
AFPTACHL N FRPOXINF 13T, IN “OTTOM waATL, s [ | 0.0 0.0 0.0
METHYL PaRair]gie TuT, IN “uTTOM MaTL, 4 [} 0.0 0.0 045
OCHy THATAL TN 3UTTOr mMATERTAL 7 [ 0 1 12
SILVIXe TOTAL 1™ HOITHM MATF R[aL 5 [ | 0.0 0.0 0.0
TOXA2ub sk o TOTAL IN JOTTIA MAFERIA_ 5 [ I 0 0 0
2e6«)y TOTAL 1Y HOTTON 4aTeM]aL 5 [} [ 4 ]

OHGANICS [N WATE R

100

IN MICHOGRAWS PER LITER

VEAN

371
4.5
20.2
5

1
117
4.9

0.09
0,00
0.03
1435
1.75
Dels
0.12
0,02
0.03
64,3

£

WNDONIFVU S WU~ ~P PO

-

MAXIuU

§50
7.3
28.0
36

o
3.7
35.0

13.0
3.8
80
239.0
43.0

050
0.05
0.07
4.50
2.36
0.95
0.95
0.05
0,08
110.0

180
30

1o
S0

300
1300

56
0.2
0.5

80
20

0ol
0.00
0.00
0.00
0.00
0.00
0.00
u.00
0.00
0.00

0.0
0.00
0.00

0.0

15
5.0
3.0

0.0
0.4
0.0
0.0
2.1

Te
0.0

- - = —— -

NAT:Z
FIRST

63=-07-24
63=07=24
65=05-20
63=07-16
79-NA-24
63-07-24
67=0%-08
65=05-20
65-05-20
63-07-24
63-07-24
63=07-24
63=-07-24
63=07-24

71=-11-22
71-11-22
T1-11-22
68=10-2¢
76-04-07
67-05-04
63=07-24
71-11-22
71-11=-22
70-05=-249

79-08-20
70-08=-27
72=-08-17
79=-08=20
78-08-28
71=-03-01
70-064-27
70-08=-27
79-04-2H
66=-05-20
63-07-2s
70-08-27
78-0R-28
70-08-27
78-08-28
78-08-28
73=-08=-20
79-08-28
T0=-08-27
74-08-28

72-02-09
70-08=27
70-08=27
70=08=27
71-05-03
10-08=-217
T1=-05-03
70-08-27
71-05-03
71-05-03
72-02-09
71-11-22
71-11=-22

70-08=-27
72=02-09
70-0K=-27
T0-08=-217
70=08=27
72=02-09
70-08-717
79=08=,4
T2=0u=17
72=02-99
72=02-u9
71-11-22
72-0&-17
7l-11=-c2

DaTE
LAaST

80-05-12
80-05-12
H0~=05-12
77=10-05
80~05-12
80-05~-12
B0~-05-1¢
80=05~12
80~05=-12
80~05=12
80~-05-12
80~05-12
80=05-12
B0=05=12

B0~=05=12
80«05~1<
80=05-12
80-05=12
80=-05-12
70=12-02
72-02-0+
80-05-1~>
80-05~-12
80~05=-1¢

BQ~05-12
77-10-0>
80-05-1-
80~05-1~
80~05=1¢
77-10=05
80~05-1~
77~10=-05
80~05-12
77~10=05
80~05-1>
77~10-9>
B0~05-12
70~08-27
80~05-1¢
80~05~12
80~05-17
80~05-17
T7~10-0>
80~05=12

79=08=2¢
73=08=27"
73=-08-21
79-08-2
73=-08=-21
79=-08=-7.
73=08=7"'
73=08=-2"
73=08=¢"
73-08-¢2
T79=08=-2
73=08-2
T73=04=-2

73=-08=2
79=-U8=2
79=-08=2
19-08=>
79-08=-2
713=-08-2
73-0R=>
79=-0d-/
19=0H8=¢
T9=08~/
73=08-¢
19=0n«¢
73=08=~7
T7?=04~"



STATIOM D22%6]00 SITE =~:  20ONNIT CWEIK

CuLQF

anean
10400
)a010
1a070
nao7e
RO
10300
1Q91%
10925
ug9Y3n
10935
vosald

10960
U0s545S

HoK1O
JQh20
10615
20405
00500
N0850
UDAAG
reos07
URAAS
10660

w1108
v10090
w1002
11012
vlo27
v1932
ul036
n1060
Hlo0s2
nlueh
1045
91069
91051
71900
V1067
J1147
01077
n1009
ulo92

13350

19349
13365
313376
33870
33390
13398
33340
33530
ERLTYY
1351a
337%0
39730

13333
33351
393A3
1334K
39373
313871
IERLR)
39390
13423
13-01
33519
3371n1
13403
13731

SAvPLES i
PHOFERTY OR CONSTITUENT TOTAL RMKS | MINIwUM MEDTAN

MAJOR CONSTITUENTS AND PROAERTIES

COLO? (KLATINUMCORALT JNITS) 37 o i 10 140
P (JUTTS) 40 o 1 &.5 Aok
TEMBIRATURE (bZy C) 56 o | 1.0 26.0
TURRINITY (JUTu) 30 [} 1 le
TURHIDITY (NTU) 11 0 | 1 2
SPECIFIC CONDUCTANCE (MITROMAOS) 3 (UM} 62 127
OXYBENS NISSOLVED (M3/L) 30 [ 0.7 4.9
CALCIUM NISSILVED (MS/L &S Ca) 32 o i 4.0 11.0
MAGNESTUMy HISSULVED (MG/L AS 4G) 32 0 | 1.7 3.8
SODIJUMe NISSOLVED (MG/L A8 Na&) 32 o 1 1.5 6eob
PHTASSTHMe BISSOLVEU (MG/L aS X} 32 [\ 0.1 1.2
ALKALINITY (MG/L AS CACO3) 34 [\ 0 25
CHLNAIDEs DISSOLVED (a46/L AS CL) 33 [\ 1.0 12.0
SULFATE DISSOLVEN (MG/L A4S S0«) 39 [ 0.0 15.0

NUTRIFNTS«IN MILLIGRAMS PER LITER

NITROGEM. aMvONIA TuTap 35 [} 0.00 0.064
NITRIGENe NITWATE TOTal 37 o 0.00 0.01
NYTRIGFNe NITRITE ToTsl 33 9 9 0,00 0.01
NITROGFNe O~GANIC TOTAL LY [V} 0,02 0.59
NITRIGEN. TOTAL 26 [} 0.27 0.62
PHOS2HATF. TOTAL 11 1t 0.01 0.05
PHOS3H4ATE e ORTH0. DISSULVED 10 [} 0.02 0.06
PHOS HNRUSe ORTHD, TOTAL 33 o 1 0,01 0.04
PHOSOHNAUS s TUTAL 33 o t 0.02 0.06
CARBINS ORGANVIZ TOTeL 35 [ | 3.0 19.0

METALSs IN MICROGRAMS PER LITER

ALUMINUMe TUTA, RECUVERAILE 3 [ 130 300
ARSFNIC PISSOLVED 11 o 0 2
ANSENIC TOTAL 8 o 1 1 3
AERYLLINM. TOTAL RECOVENRABLE 2 [ 0 5
CADMIUM TOTAL ECOVERADLE 5 0 1 0 0
CHROMIUMe HEXBVALENT DIS, 13 0 o 0
CHRNOMIUMs TOTAL RECUVERA3LF 7 1 1 0 10
COPPEA. DISSOLVED 16 o ) 0o 3
COPPEX. TOTAL QECOVERABLE 7 o 1 3
IRUNe NISSOLVED 20 0o 10 245
I®ONe TOTAL RECOVERASLE 9 o t 2640 410
LEADe DISSOLVED 13 o | 0 2
LEADs TOTAL ~ECZUVEWASLE 5 o t 0 1
MERCJRY TOTAL RECOVEIABLE [} 3 1 0.2 0.5
NICKELy TOTAL <ECOVEIAGLE 6 o 0 5
SELENTUM. TOTAL 3 o | 0 0
SILVIR. TNTAL <LCOVERABLE 5 [ | 0 0
ZINCy NISSOLVED le [ I} 0 10
ZINCe TOTAL RECOVERA3LE 7 [ 10 20

ORGANICS IN wATE3s IN MICROGRAMS PER LITER

CHLOINDANE « TOTAL 11 [ 0.0 0.0
MDe TOTBL 11 o t 0,00 0.00
DODFs TOTEL 11 (LI} 0.00 0.00
0OTe TOTAL 11 o 0.00 0.00
21a71rNNe TUTA_ E 0o 1 0.00 0.00
ILFLOII0 TOlaL 11 a 0,00 0.00
STHIIMe TNTWL . o | 0.00 0.00
LINpaME TOTaL 11 [ | 0,00 0,00
MALATHINNS TOTaL S [ 0.00 0.00
aRATHIONS TO18L 3 [T 0,00 0.00
OCHe TOTOL 12 o 1 0.0 0.0
SILVEXK. TOTaL 12 [ 0.00 0.00
2e4=2s TOTaL 12 (LI} 0.00 0,00

OrGANICS IN HBOTTOM MATERJLALs IN MICRDOSRAMS PER KILOGRAM

ALNKINe TOTAL IN ROTTOn vaTelaL 12 o | 0.0 0.0
CHLOIAYE . TOTAL IN S0TFOM MATERIAL 12 [ 0 0
DUNe TOTAL IV JOTTOM vaTIRISL 12 o 0.0 0.0
DOFe TOFAL IN 3UTTOM MATSRIAL 12 0o | 0.0 0.0
IHTe TOTAL IN 30TTUM HATIWREAL 12 o 0.0 0.0
NIAZIN0N. TOTA, IN #OTTOM MATE~1AL 4 [ 0.0 0.0
JIELIAING [unla_ 1IN nOTTOM MATE<IAL 12 [ 0.0 0.0
=TRIYe. TOTaL It ROTTOM wATER[AL 2 0 1 0.0 0.0
HEPTACHLOR rPOXEINFE TAT. IN KITINM MATL. 11 [ 0.0 0.0
WETHYL PakATHIDdMe {UT. IV SQTTOM MaTL. 4 [ 0.0 0.0
SCke IDTAL [N 30TTOM -ATEW]AL 12 0o 0 [}}
SILVIXs TOTAL [N AQITOM vaTHIfaL 13 0 1 0.0 0.0
TOXa2HuFnE s TOTal IN 30TTOM maTIRIAL 11 [ Q 0
2e4=7¢ TNTAL 1V ROTTIY MATFKIAL 13 o 0 0

101

MEAN

153

23.4

11.8

1140
13.5

0.0%
0.07
0.02
0,65
0.78
0.08
0.04
0,06
0.05
19.8

>
»
w

-
S XT o~ NY D

261
536

35
0.4

21
20

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00

0.0
0.13
0,06

0.0

4
0.5
0.2
0.0
0.3
0.1
0.0
0.0
1.2

4
1.2
0
1

MAX WU

400

30.0
180

190
11.2
2l.0

5.1

9.0

2.1

73
17.0
21.0

0.20
0.70
0,07
2.00
le64
0.26
0.26
0,10
0.12
52.0

300
30
20
10

20
0
10
600
1200

170

0.0

0.00
.00
0.00
0,00
0.00
0.00
0,00
Oole
0.00

0.0
1.30
0.27

0.0

X
2.3
0.9
0.0
1.1
Ooe
0.0
0.0
LY.}

15.0
18

— - - - —— = - —— o ——— e - - - ——

DatTs
FIRST

63=07~26
61-05-23
61-05-73
69-07-15
78-06-05
61-05-23
67-05~-08
63=-07-2¢
63=07=24
63-07-24
63-07-24
61-05-23
63=-07~=24
63-07-24

71-11=-22
71-11-22
71-11-22
69-10-23
13-11-07
67-05-08
66-05-20
71-11-22
71=11-22
70-05-20

68=-0a4-09
71-08=-18
72-05-08
’0~-05-12
78-06-03
71-08-18
68-06-09
68-06=-09
75-08-05
65-05-20
63=-07-24
71-08-18
78-06~05
78«06-05
78-06~-05
78-11-27
783-06=05
68=~04~09
75-08-05

72-08-16
72-08~16
T2-08~1n
72-08-15%
72-08~1%
72~08-16
T72-0R=1b
72-08~16
72-08-16
72-08-1b
72-02-98
71-11-22
71-11-22

72=02=08
72-02-04
72~-02-08
72~02~-08
72-02-08
72-02-908
12=02~0n
79=0n=04
72-08-16
72-02=-08
12=-02~09
71-11-22
72-0R-16
T1=11=22

DATE
LaST

Al=03~-19%
80~09-02
80~09-02
77=-10-0>
81-03-1%
Rl=03~-15
80~-09-02
81-03-15
81-03~15%
81-03~-15
81-03~15%
80-09-02
al1-03~15
81-03-1%

A1=03-15%
81=-03-15
A1-03-1%
81=-03-1%
81=-03-15%
75-08-0>
72-02-09
a1-03~-15
81-03=1%
81-03-15

80~-09-~-0~
77-10-05
80~-09~-0~
R0-09-02
80-09-07
r7-10-05
80-09-u7
77-10-05
R0-09~0¢
77-10~0>
80~09~-02
T7-10~05
80=09=02
80-09-02
80-09-02
B0-09-02
80-09-02
77-10~05
80-09~0<

80~09-0?
80~09~0¢
80=09=02
80~-09-02
80=-09~02
80-09~02
80-09-02
80~09-~-02
80-09-02
R0~=09-~02
80=09=02
80~-09~-02
80-09-02

80~-09-02
80~09-02
80«09~-07
80~-09-02
80~-09=-02
80~09-02
80~09Y~0~
80~=09~-02
B0=09=02
80=-09=02
BU=09~-02
73-08-21
80=0y~-n~
79=-048-21



STATION 02256291 SITS &: CANA_ UPSTREAM FROM STIUCTUKE 5-405a

cnDNE

“00R0
10600
anelo
JouvTo
J00TA
10095
¥0300
noels
an92s
J0w30
00935
Joslo
V0940
0965

10510
10420
NOk1S
N0AR0Y
JOA00
20650
10660
10507
NEHAS
n04R0

01108
41000
v
LN ¥4
91027
1in3z2
11036
wi0a0
21062
rioen
11045
11049
1051
rioon
11067
N11a7
9i0T77
21090
11092

13350
3133R0
39365
33370
39570
49340
33398
19340
19530
PR LYY )
13916
193741
13739

1933313
193]
[EELE)
193AA
19373
13-71
133R3
13390
19423
13801
13Inla
$3TR1
13603
3731

SAMPLES [}
SHOPERTY OR CUNSTITUSWNI TOTAL RMKS | MINIvUM MEDIAN MEAN

MAJUR CONSTITUENTS AND PROPERTIES

COLOR (PLATINUMCORALT UNITS) 18 o 60 400 491
PH(JMITS) 23 [ 3.5 42 At
TEMPERATURE (UZu C) 23 [V 11.5 23.0 21.9
TURHLIUITY (JTW) 17 [V 0 3 3
TURBINDITY (nTU) 10 [} 0 1 2
SPECIFIC CONDUCTTANCE (MICROMAOS) 27 o | 90 140 147
DRYGING DISSOLVED (M3/0L) 21 [} 1e2 4,5 4.5
CaLClim DISSOLVED (M3/L &S CA) 16 o | .1 3.9 4.3
MAGNISTIUMs HISSOLVED (MG/L AS MG) 1% o ! 2.3 3.9 4.0
SODIJve DISSILVED (MG/L &S Na) 19 [ I | 5.7 11.0 10.8
POTASSTIMe DISSULVED (MG/L AS X) 15 ot 0.8 2.3 2.4
ALKALINITY (we/L AS CACOJ) 12 [ 0 ¢ 2
CHLOXIDEs DISSILVED (MG/L a5 CL) 15 o | 2.6 2045 2le3
SULFATF NISSOLVED (M3/L A4S $Ds) 16 o | 0.7 20.0 19.2

NUTRIFNTSeIN MILLIGRAMS PER LITER

NITRIGENY AMMONIA TOTAL 23 o | 0,00 0.06 0.76
NITHOGEds NITRATE TOTAL 25 [ 0.00 0.00 V.09
NIT=IGFNe NITWHITF TuTaL 23 [ | 0,01 0.02 0.03
NITROGEMs DHGANIC TOTalL 26 o | 0.50 1.35 2.18
NITROGENs TOTAL 19 [ | 0,67 1.96 3,50
PHNSPHATE. TOTaL 3 o 0.02 0.11 0.12
PHUSOHATEs ORTHUe DISSULVER - [} Oela 0.12 0e12
PHUSAHOPIISs OKTHO. TOTaL 23 [P .01 0.03 0.05
PHUS2HNYUSe TUTAL 23 o | 0.02 0.06 0,05
CARHING ORGANIT TOTaL 25 o 2140 48.0 67.5

METALS. IN MICROGRAWS PER LITER

ALUMLUMe TaTaL RECOVHRA3LF 2 [ 100 500 500
ARSENIC DISSOLVED 7 [N} 0 13 15
AnSFNIC TOTAL 3 [\ [ 2

IERYLLIUM. TOTAL RECOVERAKLE 2 o | 0 5 5
CADMIUM TOTAL 3HECOVERAILI 2 [V 0 1 1
CHROMItUIMe HEXAVALENTe DIS. 7 o | ] 0 1
CHROMIUMS TOTA_ RECOVERA3LE 3 (| 0 10 10
COPPER,s DIS5OLVED L] o | [] 10 7
COPPER, TOTAL ECOVERASLE 2 [\ 3 6 5
IR0Ne NISSOLVED 1v [ | 120 445 545
IRONe TOTAL RECOVERASLE 2 [ | 880 990 990
LEADs DISSOLVE)D 8 o 0 5 5
LEADs TOTAL RRCOVERA3LE 2 o i . 9 E
MERCJUNY TOTAL RWCOVERASLE 2 o | 0.2 0.3 0.3
NICKELe TOTAL <ECDVERAGLE 2 [ 1 2 2
SELENTUMe TuTAL 2 [ 0 0 0
SILVERe TNTAL ECOVERABLET 2 [ 0 [} 0
ZINCe DISSOLVED R o | 10 45 55
ZINCs TOTAL RECUVERAZLE 2 o | 30 180 180

ORGANICS IN WATEe IN MICROGRAYS PER LITER

CHLN3NANE. 10740 9 o | 0.0 0.0 0.0
Ouds TOTAL “ o | 0.00 0.00 0.00
ONE. TnTAL 4 (| 0.00 0.00 0,00
ODTs TOTAL “ [ 0.00 0.00 0.00
DIAZINONS TOTA_ 3 v 0,00 0,00 0,00
DTELININ TOTAL L] [} 0,00 0.00 0.00
ErHIdne TOTAL 5 [ ] 0,00 0.00 0.00
LINDANE TOTAL L] (| 0.00 0.00 6,00
MALATHINN. 10FaL 6 [T 0,00 0.02 0.31
PARATHIINS FOTaL 5 (| 0.00 0,00 0.00
dCHe TNTAL L} [ 0.0 0.0 0.0
SILVEA. TOTalL 9 [ | 0.00 0,00 V.00
244=Ds TOTAL E 0 | 0.00 0.00 0,01

U3IGANICS IN S0TTOW MATE[ALs IN MICRO3RAMS PER KILOGRAM

ALDKRI'le TOTAL IN ROTTOM MATHSR[AL 3 o | 0.0 0.0 0.0
CHLONAYF e TOTAL IN 3UTTOM MATZRIA_ ] [} 0 1 3
INDs TOTAL IN 30TTOM MaTER]AL 9 o | 0.0 0.0 Dot
ODFe TOTAL IN 30TTOM MATIRTAL L] [ | 0.U 0.0 0.0
OhTe TOTAL IN 30TTOM HATZIRIAL L] (| 0.0 6.0 0.l
DIAZINONS TOTa_ IN BITTOM “ATE<ISL o [ 0.0 0.0 0.0
DIELIATNe TuTa_ IN hROTTOM MATFILAL 9 [ 0.0 0.0 0.1
ETHION. IDTAL 1IN ROTTOM ¥ATEI[aL 3 [ 0.0 Vel 0.0
HEPTACHLON EPOX]IOE TOT. InN HOTTOM vATL. 9 [ 0.0 0.0 0.0
METHYL PaRATHIONS TOT, IN ~OTTOM MATL. [y (| 0.0 0.0 0.3
OCRs TNTAL IV 30TTOM “aTERIAL 3 [ ] 0 22
SILVIXs TOTAL 1INV ROITOw waTr<laL L} (| 0.0 0.0 0.0
TOXAISEwFe TOTaL IV S0TTOM maTERIA_. 3 [} [] 0 5
2ew=de TOTAL 1IN HOTTIOM MaTEklaL ] [V} 0 [ [

102

MAX L MUM

1000
7.0
23.0
110

210
8.2

S.¢
14,0
4.3
18
37.0
30.0

6.20
0.74
0,07
9.60
15.80
0.22
0,20
O.16
0.21
220.0

900

20
10

20
la

1300
1100
14
is
0.3

120
330

0.0

0.00
0.00
0,00
0,00
0.00
0.00
0.00
1.30
0,00

0.13

DATZ
FINRST

6£3=-04-30
69-06-30
h3=-11=-26
70-12-02
78-06-05
63-04-30
70-05-2%
69=-06=-30
69-04-30
69=04-30
63-04-30
63~-04-30
69=04~30
69=-04=-3¢

72-08-17
72~08-17
72~03-17
70-05=26
76-02-20
63-04-30
69-04-30
72=-08-17
72-08-17
70-05-20

80-05-12
70~-12-02
T2=-06=~17
40-05-12
R0-05~12
72-08~17
70-12-02
10=-12-02
R0~-05~12
69-04=30
80-05~12
T0~-12-02
AD-05~-12
80~05-~)2
B0-05-12
80~05-12
80=-05-~-12
70~-12~02
80-05-12

T2~0R-17
72=-04=117
T2-04=17
72-08=17
72-08-17
T2-0H~17
T2-0H=17
TR2~0H=-1T7
72-08-17
T2-08~17
72-u8~17
72-11-16
12=11-1%

72-08-17
72-06=-17
72=-08-17
12=0H=-17
72-08-17
72-08-17
72=0H=17
78-06-16
72=0K=17
T72=0R=17
72=0R-17
72-11-1s
T2-08~17
12-11-1%

DATE
LAST

A1=03-1%
80=09-02
Al=03-15%
T7-10-0>
81=-03-15
81=03-15%
81-03~15%
81-03-15%
81=-03-1%
81=-03~15%
Al-03-1%
80~069~02
al=-03-1%
Al=03~15%

8l=03-15
81-03-15
81-03-1¢%
A1=03~15
81-03-15
75-03-13
71-05-03
81-03-15
81-03-1%
a1-03-1%

80~-09~02
77-10-05
80-09-02
80-09-02
80~-09-02
77-10~-05
80-09-02
77-10-03
80~09-02
77-10-05
80-09-02
77-10~035
80-09-02
80~-09-02
80~-09-~02
80~-09-02
80~-09-02
77-10~0>
80-09-02

80-09-u2
80~09~-02
80~09-02
80=09-02
80~-09-02
80-09-02
80~-09-02
80~09-v2
80~09-02
80-09-02
80~09~02
$0=-09=02
80-09-02

A0=-09=-02
80-09-02
80=09=02
40-09=-02
80-09-02
B0~=09-02
80=-04-0>
80-09=-02
80-09-0¢
BU=09=02
B0=09=02
79-08-20
80-09~-02
73-08-20



TATION 0229K/296 SITE 7: CANAL DOwNSTREAM FROM STRUCTURZI S-403

TOPF

TR0
‘40N
‘010
070
e
‘095
1300
918
1928
1930
1935
t410
g0
‘945

1810
1620
615
1505
YRON
w50
LYY}
%07
‘6R5
1RO

10%
aoo
0ge
012
027
032
n3as
040
042
08k
n4s
040
n&}
300
067
147
917
n9o
092

1350

3so
388
370
=270
3RO
IoH
140
~30
240
~16
760
130

133
151
363
1hu
173
A71
183
190
423
01
19
151
«03
731

SAMPLES |
PROPINTY OR CUNSTITUENT TOTAL RWKS |  MINIwUM MIDIAN MEAN MAX MUV

MAJORI CONSTITUENTS AND PROPERTIES

COLOR (PLATINUMCORALT UNITS) 11 [ 70 140 173 440
PH (INITS) 20 [} 5.2 6e6 6o T.2
TEMPERATURE (DEG C} 21 [ ] 13.5 24.0 23,6 30.0
TURIIDITY (JTU) 20 [ | 1 5 9 40
TURKRINITY (NTU) 7 [ | 1 2 2 3
SPECIFIC CODUCTANCE (MICROMA0S) 23 [ 141 168 169 200
OXYGINe NDISSOLVED (MG/L) 20 [} 1.0 3,6 3.0 7.3
CALCIUM OISSULVEND (MG/L &S Ca) 11 [ 15.0 18,0 17.7 21.0
MAGNESTUM. (1ISSOLVED (Mu/L AS wG) 11 [ | 3.9 “e7 4.6 540
SODIJYe PISHOLVED (MG/L AS NA) 11 [} 5e2 Teb 8.1 10.0
S0TASSIUMe DISSOLVEN (MG/L AS X) 11 o | 1.3 2.2 2.1 2e8
ALKALINITY (M&/L AS CaCod) 15 [ 19 45 43 83
CHLORIDEs DISSILVED (MG/L AS cL) 17 [ ] 0.6 14.0 12.5 26.0
SULFATE DISSOLVED (MG/L AS SDs) 17 o | 55 15.0 14,6 20.0

NUTRIENTS, IN MILLIGRAMS PEX LITER

NITROUOGENs AMMUNIA TOTAL 23 [ ] 0.06 0.12 0.12 0.27
NITROGEN. NITRATE TOTAL 2% . [ 0.00 0.02 0,03 0.87
NITROGEN. NITRITF TOTAL 20 o 1 0,01 0.01 0.02 0.04
NITROIGEN. OFGANIC TOTAL 25 o | 0.u8 1.09 1.10 290
NITRIGEmM. TDTAL 17 [ 0.57 1.32 1.33 2463
PHOSOHATE . TOTAL 5 1 0,01 0.09 V.22 0,85
PHDSPHATFs ORTH0s JISSOLVEN . [} 0.03 0.11 0.11 0.18
PHOSZ2HDAUSs ORTHO, TOTal 20 o | v.02 0e.04 0.0 0.10
PHOS240RUSs TOTAL 20 [ | 0,03 0.08 0.08 0.16
CARAIN. 0R§AVIC TOTAL 22 [} 5.0 24,5 23.5 62,0

METALSs IN VMICROGRAMS PER LITER

ALUMINUMy TOTAL RFCOVERAILE 2 [} 120 160 160 200
ARSENIC ODISSOLVED 3 [ I} 0 3 [ 1o
ARSENIC ToTaL 3 o 7 8 12 20
RERYLLIUMs TDTAL RECDVERAMLE 2 [ | 0 0 [] 0
CADMIUM TOTaL WCNVERAALE 3 1 [ 0 7 20
CHROMIUM: HEXAVALENT. DIS. 5 o o 0 0 0
CHROMIUM. TOTAL WECOVERAILF 2 [ 10 15 15 20
COPPZRs NISSOLVED 5 o | ] 20 13 .0
COPPZR. TOTAL IECOVERASLE (3 o 3 1o B 10
IRONs DISSDLVED 5 [ 100 150 152 230
1RUNe TNTAL RECDVERASLE 5 1 50 130 216 480
LEADe DISSOLVED S o | 0 1 2 5
LEAOs TOTAL RECOVERASLE 2 o | 0 0 0 0
MERCURY TNTAL WCOVEAasLE 2 [} 0.1 0.2 0.2 0.3
NICKELe TOTAL IECOVERIASLE 2 o | 0 1 1 1
SELENTUM. TuTaL H o | 0 [ (] 0
SILVER, TDOTAL WCOVEIABLE 2 o | 0 0 0 0
ZINCe DISSOLVED 5 e | 0 io 15 40
ZINCs TOTAL RECOVERAILE 3 o | 10 10 13 20

ORGANICS 1IN wATEs IN MICROGRAMS PER LITER

CHLOANE . TDTAL 7 [ | 0.0 0.0 0.0 0ol
JDNe TOTAL 7 [} 0,00 0.00 0,00 0.00
ONFe TOTAL L4 o | 0,00 0.00 0.00 0.00
pNT, TOTaL 7 [ | 0.00 0.00 0,00 0.00
DIAZINONs TOTA 3 [ | 0.00 0,00 0.00 0.01
DIFLIRIN TOTAL 7 e | 0.00 0.00 0.00 0,01
ETHIDN. TOTAL 3 e | 0.00 0.00 0,00 0.00
LINDANE TOTAL 7 [ | 0.00 0.00 0.00 0.02
MALATHION, TOTAL 3 o | 0,05 0,07 0.15 0436
PARATHINN, ToOTaL 3 o | 0.00 0.00 0.00 0.00
PCHe TNTAL 14 [} 0.0 0.0 0.0 0.1
SILVEXe TOTAL 9 [ 0.00 0,01 0.20 1e60
2+4=2s TOTAL 4 [} 0.00 0.02 0.0% 0.17

OSGANICS IN BOTTOM YATERJALe IN MICROSRAMS PER KILOGRAM

ALNRING TOTAL InN HDTTOM MATERIAL 6 o | 0.0 Ge0 0.0 0.0
CHLONNANEs TDTAL IN SUTTOM MATERIA. 6 0o | 0 2 2 5
DNDe TOTAL IN 3UTTOM MATZIRIAL [ 1 | 0.0 Ge0 0.0 0.0
DNE+ TOTAL IN 30TTU vaTSwlaL 6 o | 0.0 0.0 0.0 0.2
INTe TOTAL IN 3UTTOM mATER]AL 5 [ 0.0 0.0 0.0 0.1
JIa/ZINONe TOTAL IN HOTTOM MATERIAL 3 [} 0.0 0.0 0.0 0.0
JIELORINe TUTAL IN ROTTDM MATERIAL 5 [ 0.0 0.2 0.8 3.2
ZTHIONe TOTAL IN RUTTOW vMATE AL 2 [V 0.0 0.0 0.0 0.0
HEPTLCHLNR EPUKINE TIT, IN #ITTOM MATL. 5 [ ] 0.0 0.0 0.0 0.0
METHYL PARATHIODNG TOT. IV HOTTOM MATL. 3 [} 0.0 0.0 0.0 0.0
PCRe TOTAL {N 30TTOM MaTERTAL 6 o | 0 0 0 0
SILVEX. TOTAL IN BDTTOM MATFIlAL 7 [ | 0.0 0.0 0.0 0.0
TOXAPHENF e TOTAL I¥ 3DTTOM MATERIA.: 3 o 0 ] 0 0
2+6=Ds TOTAL IV HROTTOM MATERIAL [ [ 0 0 0 0
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OATZ
FInST

71-08=-19
71-08-19
71-08-1v
71-08-19
79-06=04
71-08-19
T1-08-19
71-08-19
71-08~-19
71-08=-19
71-08-19
71-08-19
T1=08=-19
71-08-19

Tl=11=-23
71-11-23
71-11=-23
71-08-19
75-03~-18
75-03-17
71-08-19
71-11=-23
71-11=23
71-068-19

80-05~-12
71-08=-19
72-05-08
80-05~-12
75=-09=-02
71-08-~19
80-05-12
71-08-19
73-08-05
71-08~-19
75=04=14s
71-08~-19
80-05~12
80-05-12
80-05-12
80-05=-12
80-05=12
71-08-19
75-08-05

72-02=09
72-02=09
72-02-09
72-02=09
72-02-09
72=-02=49
72-02-09
72-02-09
72-02-09
72-02=09
72-02=09
71-11-23
71-11-23

72-02-09
72-02-09
72-02=09
72-02-09
72-02-09
72-02-09
72-02-09
79-06=-04
75-05=73
72-02-09
72-02=09
71=11=23
75-0%=-73
71-11=-23

DaTE
LasT

81-03-15
81-03-1%
81-03~-1%
77-10=-05
81-03=1%
81-03-15
80-09-02
8l1-03-1%
81-03-1%
81-03-15
8l1-03-1%
80-09-02
81-03=-15
81=03-1%

81-03-15
81-03-1%
81-03-1%
81-03~-1%
8l-03~-1%
75-09-02
75-01~21
81-03-1%
81-03-~15
81-03-15

80-09-02
77-10-03
H0=09-02
80-09~02
80~09-02
77-10-05
80~09-02
77-10-03
80-09-02
77=-10-05
80-09-02
77-10-05
80-09-02
80-09~02
80-09=-02
80-09-02
80=09=02
77=-10-05
80-09-02

80=-09=02
80=09=-02
80~09=-02
80=09-~-02
80-09-02
80~09~02
80~09-02
80-09~0¢
80-09-02
80~-09-~02
80-09-02
80-09-02
80-09-02

80=09=02
B0-09~02
80-09-02
80-09=02
80-09-02
80-09-02
B0=09=-02
80=09-0U2
80-09=-02
80-09=02
RV=09=-02
79=-04~20
80-09-02
79-08-20



STATIONM 0225h200

CODE

gnoaoe
0os00
w0910
voo7e
0007A
uonaes
20300
Un91s
uoyu2s
Vo930
00935
J0sl0
10940
00945

unsl0
00R20
[ LY
00505
L LYJY
noAsS0
00R6N
70507
00KAS
JORRD

ailes
uln0n
g9joog
olnl2
uloe?
01032
01034
01060
11062
n106k
41065
ylnau
21051
71490
71900
91067
nle7
Moy
21090
ninez

33350
33350
33365
33370
33570
333R0
33398
43340
33530
33560
13614
EER LT
19730

33333
33351
133A3
133R4
49373
13571
13383
13399
13623
13401
9519
19761
19403
19731

SITZ &

PROPINTY Or CONSTITUEZNT

COLOR (PLATINUMCORALT UNITS)

PH (UNILTS) .

TEMPERATURE (DIu C)

TURRTIDITY (uTu)

TUKHIDITY (NTU)

SPECIFIC COWDUCTANLE (MICROM40S)
IXYGENe NISSOLVEDN (M5/L)

CALCIUM DISSOLVED (M5/L a5 Ca)
MAGNISTUMe DISSGLVED (MG/L A5 4G}
SODIUMe NISSULVED (MG/L AS Na)
BOTASSTUMs DISSULVED (MG/L a5 X)
ALKALINITY (%n/L AS CaCU3)
CHLORINF s DISSOLVED (MG/L AS CL)
SULFATE DISSULVED (KG/L &S 506)

NITROWE e AMMONIA
NITRONENS NITrATE TOTAL
NITROGFNe NITHITE ToOTAL
NITHIGENS DESANIC TOTAL

ToTaL

NITROGFH. TOTAL

PHOSOHATE s TOTAL

PHOS?HATE s O<T40y DISSOLVED
PHOSAHNWUSe OFIHND, TOTaL
SHOSAROWUSe Tulal

CARKI™e NRGANIC ToTAL

ALUMINUMe TNToL RECOVEWAZLE
ARSENIC DISSOLVED

ARSENTIC TOTaL

JERYLLIUMe TUTAL RECOVEwAQLE
CANMIUM TOTAL HECDVERAHLE
CHROMIUMe HEXAVALENTS OIS,
CHROY[UMe TOTA_ RECOVERAALE
CUPPER. DISSOLVED

CUPFPEMs TDTAL RECOVERAGLE
[RONs DISSOLVED

IHDONe TOTAL HQECUVERARLE
LEADs DESSOLVE)D

LEADs TOTAL <ECUVERAYLE
MERCURY DISSOLVED

MFRCURY TOTal <ECOVERa3LE
NICKILe TOTAL IECOVERABLE
SELEN[UMe TOTAL

SILVER, TNTAL IECOVERAHLE
Z1HCe DISSDLVED

ZIHCe TOTAL AECOVERSILE

CHLOINAME »
DYy TDTAL
O0Es I0TAL
DOTe TOTAL
DIAZINONe TOTAL
DIFLI<IN TOTAL
ETHIINe TOTaL
LINDANE TNTAL
MALATHIONe TOTaL
PakAaTH[NNe TOTaL
PCHe TnTAL
SILVEX. INTaAL
2eb=)e TOTAL

101AL

URGANICS IN oDTTOM MATERIALs IN MICRO3RAMS PER KILOGRAM

ALNRIN, TOTAL [N BDTTOM MATER[AL
CHLORDANF
IR}
DDF «
ouT.

TOTAL IN 30TTOM MaTIwRIAL
TOTOL IN 3UTTOM MATERIAL
TOTAL [N 30TTUM MATIRIAL
JIAaZINOe TOTA_
JIELORT 1w TOTaL
ZTHION. TNTaL 1IN ROTTOM MATEIAL
4EPTACHILOR FRORIVE TOT.
WETHYL. PaRATHIDNS TOT,.
PCHe TOTAL IN JUTTUM MATEIRIAL
SILVEX. TOTAL IN ADTTNM waATFRIAL
TOXLIHELIE «
2s6=2¢ TOTAL IN ROTTOM MaTFWIaAL

TOTAL IN 30TTOM MaTERIAL

IN 8OTTOM “ATERIAL
IN FOTTOM MAaTE~IAL

IN ROTTOM “ATL,.
IN HOTTOM MATL.

TOTAL IN 40TTOM MATERIA_

wr ] TTENHORSE CREEK

SAMPLES

|
TOTAL RMKS | MINIwUM MEDIaN

MaJ0 CONSTITUENTS AND PROERTIES

23 [ 0 320
22 [ 3.5 4.5
30 L | 10.5 2440
12 9 1 1 2
5 [ 1 2
23 | S8 85
13 L | 0.2 3.5
18 D 2.6 4.5
14 [ 1.3 2.0
1% 0 1 5.5 7.3
15 [ 0.2 0.5
18 [ 0 0
21 o 1 3.7 17.0
20 [ | 0.0 1.8

NUTRIENTSH»IN MILLIGRAYS PER LITER

12 o | 0.03 0.06
12 [V} 0.00 0.00
12 [ 0.01 0.02
22 o 0,26 1.35
10 [ | 1.36 2.09
12 [ | 0.02 0.07
12 0o 1 0.01 0.03
12 o 0,01 0.02
12 0 1 0,01 0.03
17 [ 20.0 $3.0
METALSs IN WICRDGRAMS PER LITER
1 e | 90 90
7 0 1 0 10
2 0o | 1 15
) [ | 0 0
1 o | 0 0
5 [ 0 0
3 N 0 10
9 [ | 0 E]
1 [ | 5 5
1s [ [} 395
1 0 ¢ ‘70 470
8 [ 0 3
1 o 1 1
1 [} 0.9 0.3
1 o 0.2 0.2
1 o ] 0
1 [/ 0 ]
1 0 0 0
8 [ ] 20 50
1 0 20 20

ORGANICS IN wATER.

(3 [ 0.0 0.0
9 LI 0.00 0.00
L] o 0.00 0.00
q [ | 0.00 0,00
3 [ | 0,00 0.00
3 [ | 0.00 0.00
5 L | V.00 0,00
E] [ 0.00 0.00
3 0o 1 0.00 0.00
> [ | 0,00 0.00
4 o 0.0 0.0
3 [ | 0.00 0,00
3 o 1 0.00 0.00

“ [ 2| 0.0 0.0
& [ 0 0
9 [/} [ RY'] 0.4
L] 0 0.0 1.2
8 0 0.0 0.0
3 0 0.0 0.0
L] [ | 0.0 0.2
1 [ 0e0 0.0
3 [/ 0.0 0.0
3 [ 0.0 0.0
) [V 0 0
o [ 0.0 0.0
3 [ B 0 0
6 0 9 0 0
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IN MIZROGRAMS PER LITER

MEAN

333
4,7
2246

93
4.0
4.9
2.0
Te5
1.3

16.0
4e3

0.21
0.00
6.02
1,35
2.10
0.41
0.34
0.02
0,03
57.3

0.0
0.00
0,00
0,00
0.00
0.00
0.01
0,00
0.00
0.00

0.0
0,00
0.00

o
REREEEREER .

o090 o000 ~O

=]
.
COOOOOOYPLDdIVVYVYWAN

MAX MU

7u0

2640
2240

U.97
0,03
0.0
2.60
3.41
3.60
3.60
0,04
V.08
120.0

90
30

10
40

1100
470
20

0.9
0e2

130
20

0.0
0.01
0.00
0,01
0.00
0.00
0.07
0.00
0.00
0.00

0.0
0.00
0.00

—
.

EREEEERERE

QOO NG = UNwWw
COoOCOoOOCOQIVSCO F POW
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oats
FIRST

65=05=20
65=05=-20
65=05=-¢0
69-07-16
719-08-29
65=05=-20
67-05-08
65=-05=-20
66=05-¢20
66=-05-20
65=05-20
65=05-20
65=05-20
65=05~20

72-02~-03
72-02-03
72-02-08
68-10-23
73-11-07
6£-05~-20
66-05~20
72-02-08
72-02-08
70-05-20

80~-0%-12
70-u8~-31
72-0K~-16
u0-05-12
H0=05~12
71=-03~-u1
70-08-31
70~-08~131
80-05~12
66-05~-20
#0-05~-12
70-0H-31
80-05~-12
70-06-31
u0-05-1¢2
H0=-05-12
80-0%-12
80-05-12
70-08~-31
80-05-12

72-02-0H4
70~04-31
70-08~-31
70~04~31
71-03-01
70~08-31
71-03-01
70-0R-31
71-03-01
71-03-01
72-02-08
73-11-07
73-11-07

70-0-31
72-02-08
70-08-31
T0-0R-3]
70-0K=-341
72-u2~-08
70~0M<-3]
13-0K8=-21
72-0H~15
72-02~-0H
72-02~08
73-11~07
72=0H=156
73-11-07

DaTE
LaAST

B0=05=1"-
80-05-1¢
80-05-1<
77=-10=-05
80-05-1-
80=-05=-12
80-05=-12
80=-05-12
80=05-12
80-05-12
80-05-1~
80=-05-12
RO=04=-1>
RO-U5~1]2

80-0%~12
BO=0b-12
80=-05~1~
80=-05-12
80=-05~12
70~12~-02
72-02~04
80~-05-1>
80-05~-12
80=-05~-12

80-05-12
77-10-0>
B0=-0%-1>
80=-05-12
80-05-12
77-10~-0>
80-05-12
77-10-05
80-05-12
771-10-05
RU=05~-12
77-10-05
80-05-12
70-08-31
80=-05~]12
80-05~-12
80-05-12
A0-05-12
77-10-05
80=-05~12

73-08-21
73-08-¢21
73-08-21
79-08-21
79-08-21
73-08-21
73-08-21
79-08-21
73-08-21
79-0R=21
79«08-21
73-08-21
73-08-21

79-08-21
73-08-¢1
79~-08-21
79-08-21
73-08-21
79=08=-¢1
73~-08-¢1
79~08-21
73~0R-21]
79-08-21
73-08=21
79=03-2]
73-08-21
73-08-21



STATTION 02254295

CO0F

unoRreo
10600
voolo0
Jo070
H0NTH
90095
10300
10915
1092%
10930
10935
1010
90940
00965

voslo
0620
DLIY &
10605
90600
N0K50
D660
rTes07
40h6S
INKRO

1105
11000
71002
w1017
w1027
"1032
w1034
J10s0
vi0e2
11066
ulnes
vlnew
v10S1
71900
J1067
ulle7
1077
V1090
91092

33350

13360
33365
33370
33%70
33380
39398
33340
33530
I9%60
39516
39760
33730

39333
19351
39363
19336k
33373
313571
33383
133949
319423
13m01
33919
3761
13403
19731

SITFZ o

PROPERTY NH CONSTITUZHT

COLOR (PLATINUMCOHALT UNITS)

oW (JN1TS)

TEMPZRATURE (DIG C)

TURRIDITY (JTW)

TURRIDITY (NTU)

SPECIFIC CONDUCTANCE (MITROMHHS)
OXYBINs DISSOLVED (MG/L)

CALCINM DISSOLVER (MS/L AS Ca)
MAGNESTUMs NISS0LVED (MG/L A5 %G)
SODIJYe NISSULVEN (MG/L AS NA)
POTASSTUMs NISSULVED (MG/L &S X)
ALKALINITY (MG/L A5 CACO3)
CHLORIDEs DISSILVED (MG/L AS CL)
SULFATE DISSOLVEN (m5/L &S SJa)

ToTaL
ToTaL
Tovap
TOYaL

NITROGEN
NITROGEN
NITROGFN.
NITRJOGENS
NITROGENs TOTAL
OHOS2HAaTEs TOlaL
PHOSOHATEs ORTH0
PHOS2RHAUIIS. OFTHO,
PHOSPHOHUSs TUIAL
CARHONs NRGANIC TNTAL

AMWONTA
NITRATE
NITRITE
O~GANIC

DISSULVED
I0Tal

ALUMINUM. TOTA. RECOVERA3LE
ARSENIC OISSOLVED

ARSENIC TOTAL

AEPYLLIUMy TOTAL RECOVERAHMLE
CADMIUM TOTAL JECOVE=RABLE
CHROM{UMs HEXAVALFNTe OIS,
CHROVIUM. Tufa. RECUVERA3ILFE
CNPPER, NISSOLVED

COPPERs TOTAL ECOVEIAALE
IRON« DISSOLVED

IRON. TOTAL weCOVEWASLE
LEAOs DISSOLVED

LEADs TOTAL RECOVERSBWYLE
MEHMCJRY TOTAL ECNVERABLE
NICKELe TOTAL QWECOVERAHLE
SELENJUMs TOTAL

SILVIRe TOTAL RECOVERAHFLE
ZINCe DTSSOLVE)D

ZINCe TOTAL RECOVERASLE

CANA_ UPSTIEAM FRO STIUCTURE 5-410

SAMPLES |
TOTAL RMKS |  MINIWUM MZIDIAN MEAN
MaJo< CONSTITUENTS AND PROPERTIES
9 [ 120 210 213
le [ (XL 6.2 6.1
23 o | 3.5 2440 22.4
15 0o | 0 3 s
11 [ [ 1 1
23 o 1 76 104 111
22 o | 1.3 4.1 47
7 [ 9.5 11.0 1.1
7 [ 3.8 4ot 4ot
7 [ 4.1 S.1 SeY
7 [ ] 1.0 1ot 1.5
13 o 1 10 23 25
13 [ 0.8 10.0 7.8
13 [ | 0.0 6.5 6.6
NUTRIFENTS«IN MILLIGRAMS PER LITER
22 [ ] 0.01 0.06 0.07
25 o | 0.00 0.10 .15
19 0 | 0.00 0.02 0.02
23 [ | .11 0499 1.10
19 [ | 0.79 1.31 l.65
5 1 0.01 0.04 0.10
2 o 1 0.05 0.05 0.05
19 [ 0.01 0.02 0.05
19 [} 0.01 004 0.07
21 [ 3.0 26.0 28.17
METALSs IN MICROGRAMS PER LITER
2 [ 10 15 13
1 [ 2 2 2
2 [} 0 1 1
2 [ | )] 0 0
3 1 1 0 0 7
1 [ 0 0 0
2 1 10 15 15
1 L 7 7 7
¢ 1 1 1 6 S
1 LU} 390 390 390
5 1 s0 2lo 178
1 L} 9 9 3
2 [ ] 0 2 2
2 11 0.1 0.1 0.1
2 [ (] 0 0
2 o 0 (] ]
2 (| (] 0 0
1 [ | 20 20 20
3 o | 10 10 13

OKGANICS IN WwATER.

CHLORNANE s TOTAL

pODe TATAL

DDEs TOTAL

0ODTs TnTAL
DIAZINONs TOTAL
DIELIRIN TOTAL
ETHION. TOTaL
LINDANE TOTAL
MALATHIONe TOTaAL
PARATHION. TOTAL
PCHe ToTAL
SILVILs TNTaL
2+4=2 TOTAL

URGANICS IN d40TTUM MATEIIAL,

ALDW]Me TOTAL IN RUTTOM MATERLAL
CHLOANAXF s TOTAL IN 30TTOM MATERIAL
0NDe THTAL IN 30TTUM MATERIAL

ONEe« TOTAL IN 30TTOM ™MATIRTAL

DDTe TOTAL 1N 30TTOM MATERIAL
DIAZINONS TOTAL IN HOTIOM MATERTAL
DIELIRINe TOTA_ IN HDTTOW maTEQJAL
ETHLIING TOTAL IN ROTTOM MATERTAL
HEPTACHLOR FPOXINE TOT. IN HOTTOM MATL.
METHYL PAKATH1DdiNe TOTe IN WOITOM MATL.
OCHe TOTAL IN 3UTTOM MATERIAL

SILVEXe TOTAL IN ROITOM wATFI[AL
TOXAOHENE. TOTAL IN 40TTOM MATERIAL
2et=)s TOTAL IN ROTTOM MATSKIAL

PRV NENVNEINERET

VSNV NNNNNN NS~~~

SO0 oOoO0DOCOOD0DOD O

CooO0O0DODOOCIDPOOCE D

105

IN MICROGRAMS PER LITER

0.0 0.0 0.0
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0,00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 V.00
0.00 0.08 0,08
0.00 0.00 0.00

0.0 0.0 0.0
0.00 0.00 0.00
0,00 0.00 0.00

0.0 0.0 0.0

0 [ 10
0.0 0.0 1.3
0.0 0.0 1.1
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 201
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0

0 0 112
040 0.0 0.0

0 0 0

0 [} 0

IN MICROSRAMS PER KILOGRAM

MAXWUM

360
7.3
30.0

198
15.1
1s.0

5.1
10.0

2.0

17.0
13.0

0.20
0,55
0.05
2050
2.74
0.37
0.05
0.53
0.5%
73.0

0.00
0.00
0.00
0.00
0,00
0.00
0.00
0e13
0.00

0.0
0.00
0.01

0.1
55
7.3
8.0
0.0
0.0
10.0
0.0
0.0
0.0
760
0.0

Dar:z
FINST

Te=0A=01
7¢=-08-01
71-06-27
T1=06=-27
73=-06-05
71-04-27
74=-08-01
74=08-01
74-08-01
74=08-01
7¢-08-01
764-08-01
74-08-01
74=-08-01

T4=-08-01
74=08-01
74=-08-01
71=-064-27
74-08-01
75-03~-18
71-04-27
74=08=-01
74-08-01%
Ta=-08-01

80-05-12
74=0R-01
80-05-12
80-05-12
75=-09-02
74=08=01
fO0-05~-12
T4=-08-01
75=-04-05
74=08-01
75=-0a-1a
74=-08-01
80~-05-12
80-05-1¢2
80-05-12
20-05-12
80-05~12
74-08-01
75-08-05

74-08-01
74-08-01
764=-08-01
74-08-01
79=006-0%
74-08-01
79=06-05
76-08-01
79-06-05
79=-06-05
T4=0A=01
Té=1z-11
Te-12-11

Te=0n-01
74~06-0}
74=-08-01
74-08-01
74-068-01
79-06-05
76=08=-01
79-06-05
Ta=0R=0]
79-06-05
74-08-01
T4=12-11
Te=08=n1
74=12-11

vaTe
LasT

al1=03-1>5
R0=09-02
81-03-1%
77-08-03
81=03-15
81=-03-19%
Al-03-15
8l1=03-15
81=03-15%
a1-03-1%
81-03-1%
80-11-03
81-03-1%
81=-03-1%

81-03-15
81-03-1%
81=-03-1%
81-03-1%
81-03-15%
75=09-30
75-01-21
81-03-1%
81-03-15
a1-03-15

80-09-02
74=-08-01
80=-09y=-02
80-09-02
20-09-02
74-08-01
RO=-09=-02
764-08-01
80-09-02
T4-08-01
80-09-02
T74-08-01
80-09-02
80-09-02
80=-09-02
H0-09-02
80-09-02
74=08-01
80-09-02

B0=-09-02

80-09-02
80-09-02
B80-09-02
80-09-02
80-09-02
80=-09=02
80-09-02
80-0%-0~
80-09-~02
80-09-02
80-09-02
80-09-02

80-09-02
80~-09-02
80-09-02
A0=09-02
80-09=-02
RO=09=-02
80=0v=-v2
80-09-02
A0=-09-02
8#0-09=-02
80-09-02
79=-08-21
840-09-02
79=0R=21



STATION 282135031 345500

CODF

900R¢0
n0&a00
0010
0070
JOUTA
10095
n0300
20915
10925
10930
10935
10410
10940
10945

10510
0670
10615
10605
10600
10650
T0%07
10665
106R0

1110s
11noo0
11002
11012
11027
11032
11036
11060
11082
110686
11045
110490
11051
1900
11067
11167
11077
1090
11092

49350
13360

13365
13370
13570
1IIR0
13308
19340
13530
13840
134916
TR0
3730

‘9333
<3351
3363
JI6R
3373
[T
3383
3399
EY Y]
3501
ISte
3761
3402
1731

SITE 103

PROPERTY OR CUNSTITUENT

COLOR (PLATINUMCORALT UNITS)
OH (JUMITS)
TEMPERATURE
TURRIDITY (JTW)
TURBIDITY (MTUL)
SPECIFIC COMDUCTANCE
OXYGINe DISSOLVED
CALCIUM DISSOLvVED (MG/L &S Ca)
MAGNESITUMs D1SSOLVED (MG/L A5 MG)
SODIUMs DISSOLVED (MG/L AS NA)
POTASSIUMs DISSULVED (MG/L AS X)
ALKALINITY (Mii/L AS CaC03)
CHLOYIDE« DISSILVED (MOL/L AS CL)
SULFATE DISSOLVED (M3/L &S S504)

(LI C)

(MECROMH0S)
(MG/L)

NITRIGFN.
NITRIGENS.
NITROGEN
NITRIGEN
NITROGEN.
DHOSOHATF
PHOSPHORUS »
PHOSPHORUS »
CARRON

AMMON]A
NITRATE
NITHITE
OKGANIC
TOTAL

TovaL

OrTHO,
TolaL
ORGANIC TOTal

ToTaL
TotaL
ToraL
ToTaL

1071aAL

\

ALUMINUM. TNTaL RECUVERA3LE
ARSENIC DISSOLVED

ARSENIC TOTAL

BERYLLIUM. TOTAL RECOVERABLE
CADMIUM ToTat ECOVERIAILE
CHROMIUMs HEXAVALENT. DIS,
CHROMIUMs TulTai RECOVEKASLF
COPPEZRe DISSOLVED

COPPZR. TOTAL IECOVERABLE
IRONe DISSOLVED

IRONs TOTAL RECOVERAJLE
LEADs DISSOLVE)D

LEAD» TOTAL RECOVERASLE
MERCURY TOTAL WECOVERABLE
NICKELs TOTAL IECOVERABLE
SELENIUM. TOTAL

SILVERe TOTAL RECOVERABLE
ZINCe DISSOLVE)D

ZINCe TOTAL RECOVERABLE

ORGANICS IN WATER,

CHLOINANF «
000, TOTaAL

ODE« TnTAL

O0Te TOTAL
DIAZINOMe TOTAL
DIELIRIN TOoTaL
ETHION, TNTAL
LINDANE TOTAL
MALATHIUN, TOTAL
CARATHIONe TJ7aL
OCHe TOTAL
S1LYSXe TOTAL
2+48=Ds TOTAL

ToTaL

OXGANICS IN S0TTOM MATERLALS

ALDRINs TNTAL IN ROTTOM MATFI]AL
CHLORNANE . TOTAL IN 30TTOM MATERIAL
N0O0s TOTAL 1N 30TTOM MATZRTAL

ONEs TOTAL IN 30TTOM MATERIAL

DOTs TOTAL IN 30TTUM MATERIAL
DIAZINONs TOTA. IN ROTTOM MATERIAL
OIELORIMs TUTAL IN HOTTOM MATERIAL
STHIDn. TOTAL IN BOTTOM “ATER1AL
HFPTACHLOR EPOXINE TOT. IN ROTTOM MATL.
METHYL PARATHIDONe TOT. IN ROTTOM MATL,
OCHe TNTAL IN 30TTOM MATERTAL

SILVEXs TNTAL [N ROTTOM MATERIAL
TOXAPHENFe TOTAL IN 30TTOM MATERIAL
2+4=)s TOTAL IN HOTTO™M MATEKIAL

CANAL DUwWNSTHEAM FROM L-410 CANAL

SAMPLES I

TOTAL PMKS | MINIvUM MEDTAN

MAJOR CONSTITUENTS AND PROZERTIES

4 o 130 260
12 [} 5.3 6.2
1e o | 11.5 23.5
11 [ ] 1 L3
10 0 | 0 2
16 [ 2 120 160
14 [ 0.3 3.2

7 [ 12.0 15.0

7 [ 3.8 4.3

7 [ ] 11.0 15.0

7 o | 2.3 2.8

7 o | 14 32

3 o | 1.0 23.0

9 0o | 5.8 12.0

NUTHIENTS+IN MILLIGRAMS PER LITER
21 [ 0.05 0.22
22 o 0.00 0.22
13 o i 0.0l 0,02
21 [ 2 0.15 1.20
19 [ 2| 0.98 1.72

3 [ ] 0.37 0.48
19 [ 0.12 0.55
19 0o | 0.20 0.57
21 o | 13.0 32.0

METALSs IN MICROGRAMS PER LITER

2 0 200 300

1 0o 1 1
2 0 2 2
2 0o | 0 0

3 11 0 0

1 0 0 0
2 1 1 10 15

1 [ I 2 2

3 1 2 4

1 [ 570 570
4 11 S0 340

1 0 i 8 8
2 [V | 0 1

2 1 1 0.1 0.2
2 o 1 2
2 o | 0 0

2 0 0 0

1 [ | 0 0
2 [ 10 15

S [ 0.0 0.0
S o 0.00 0.00
5 0 1 0.00 0.00
5 [ 0.00 0.00
3 [ ] 0.00 0.00
5 [ ] 0,00 0.00
3 o 0.00 0.00
5 0 I 0,00 0.00
3 [} 0.00 0.01
3 [ 0.00 0.00
S [ ] 0.0 0.0
L] o ! 0,00 0.00
a o V.00 0.00

0.0

12
0.0
0.0
0.0
0.0
0.0

coocoo0O0O

IEEEEEEREX]
cocoooocOoOCcOO0OQ0OCO

ooo

R

Qoo

NN LCWRrWEREITCRTOR
o
.

DoO0Old0COO00QOOCO

o
.
o000

106

IN MICROGRAMS PER LITER

MEAN

284
6.1
22.4

170
3.2
1440
o2
17.3
3.1

20.2
1245

0.37
0.25
0.02
1.20
1.83
0.55
0,60
0.62
36.3

w
o
=

e
VI UVO ~NO N -

0.0
0.00

0.00
0.00
0,00
0.00
0.00
0.00
0.02
0,00

0.0
0,08
0.01

IN MICROSHRAMS PER KILOGRAM

0.0
46
0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0
3
0.0
0

.

MAXIMUM

s00
6.8
29.0

230
6.9
15.0
4.6
31.0
S.1

33.0
2.0

350
0.40
0.06
2.70
4,73
0.80
1.70
1.70
77.0

0.66

oCco~OO0OO~O
I IEEEEEEREERED

VooooooONCoOOOCCd®

=
~n

Davs
FIRST

77-10-05
T6-08-01
74-04-01
T4-08-01
18-06-05
T6-08-01
74-08-01
77-10-05
77-10-05
77-10-05%
77-10-05
75=-06-]¢
75-04-14
75-04<14

764-08-01
74-08=-01}
76-08-01
T4-0R=-01
76-08-01
75-06~14
74=08-01
74-08-01
74-08-01

B0=05~12
77-10-05
80-05-12
80-05~12
75-09-02
17-10-05
80-05-12
77-10-05
75-09-02
77-10-05
75-04-16
77-10-0%
80-05-12
80-05-12
80-05-12
80-05-12
RO0-05-12
77-10-05
80-05-12

74-01-01
74-01-91

74-01-01
74-01-01
TR=06-15%
74-01-01
78-06-16
76=-01-01
78-06-16
78-0h=-16
T4=01-01
78=-12-11
74-12-11

76=-01-01
74-01-01
74-01-01
74-01-01
74=-01-01
78-06-16
76-01-01
78-06-16
T6=01-01
78-0h-18
T6-01-01
Te-12-11
Te=01-01
Ta=12-11

DATE
LaST

Bl-03-15
80-09-02
8l1-03-1%
77-10-05
81-03-15
81-03-15
Bl=03-15
81-03-1%
81-03-15
al1-03-1%
81=-03-1%
80-09-02
Bl1=03-15%
81-03-15

81-03-19%
81-03-15%
81=03-15
8l1-03-15
81-03-15
75=-09-02
81=-03~1%
81-03-15
8l1-03-15%

B80-09-02
77-10-05
B0-09-02
80-09-02
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
77-10-05
80=09-02
80-09-02
80-09-02
80-09-02
80-09-02
17-10-05
80-09-02

30=-09-02
B0=09-02

80-09-02
80-09-02
80-09-02
80-03-02
80-09-02
80-09-02
B0~09-02
80-09-02
80-09-02
B0=~09-02
80-09=-02

80-09-02
BU-09-02
80-09-02
80-09-02
80-09-02
B0=-09-02
R0=-09-02
80-09-02
80-09-02
BQ=09=02
BU=09-02
73-08-21
R0=09=¢2
73-04-21



STATION 02256300

CNDE

V00Ro
U040V
vonlo
20070
uoo7e
w0095
10300
vovls
now2s
Vo930
00935
N0410
70940
10365

00610
10A20
10615
N060%
N0600
n0K50
J0h6D
0507
n0A6S
H0nB0

91109
J1000
ulo002
21017
01027
v1032
9103e
710e0
N10a2
N10e5
11045
91040
w1051
11R90
11900
91067
G1le?
21077
0090
01092

39350
39360
13365
39370
33570
313340
13398
19360
19530
3I5ae0
19516
13760
39730

39333
33351
49363
EELL]
39373
19571
9343
13399
13623
19601
$9519
$97TR1
136403
19731

SITE 11¢

PROPERTY OR CONSTITUENT

COLOR (PLATINUMCORALT UNITS)

OH (JNITS)

TEMPERATURE (036 C)

TUKRRINITY (UTU)

TURSIDITY (MTU)

SPECIFIC COWDUTTANCE (MICHOMADS)
OXYGENs DISSOLVED (MG/L)

CALCIUM DISSOLVEO (M3/L A4S ca)
MAGNZSIUMs DISSOLVED (MG/L AS uG)
SODIUM, NISSOLVED (MG/L aS Ma)
O0TASSIUMe GISSOLVED (MG/7L AS <)
ALKALINITY (M6/L aS CaCO3)
CHLORIDEs DISSILVED (MbL/L AS CL)
SULFATE DISSOLVED (MG/L AS SDe)

AMMONIA TOTAL
NITFATE TUTAL
NITRITE TuTaL
O<GANIC ToTaL

NITRIOGEN.
NITROGFE 4y
NITRIGEN
NITROGEN
NITROGEN. TOTpL

PHOS®HATES TOTAL

PHNSPHATE s ORTHUs DISSULVED
PHOSPHORUS, OrIHO, TOTAL
PHOS?HORUSs TUTAL

CARBON, ORGANIC TOTAL

ALUMINUMSs TOTAL RECOVEMAALF
ARSENIC DISSOLVED

ARSENIC TOTAL

SFRYLLIUM. TOTalL RECOVERABLE
CADMIuM TOTAL WCOVERASLE
CHROMIUMe HEXAVALENT. DIS.
CHROMIUMe TOTAL HRECOVERASLF
COPPER. DISSOLVED

COPPZR, TOTAL XECNVEIAHLE
IRONs DISSOLVE)D

TRONs TOTAL RECOVEWRAILE
LEADy DISSOLVE)D

LEAUs TOTAL RECOVERA3LE
MERCJRY DISSOLVED

MERCURY TOTAL RECOVERAILE
NICKELe TOTAL ICOVEIAHLE
SELENIUYe TOTAL

SILVZIRe TOTAL ECHVERAHLE
ZINCe DISSOLVE)D

ZINCs TOTAL wECTOVERAZLE

DRGANICS IN wATE3e IN MICROGRAMS PER LITER

CHLORDANE «
DDODe TOTAL
ODEes TOTAL
DNTe TNTAL
DIAZINONS TOTA
DIELOIRIN TOTaL
ETHIDN. ToTay
LINDANE TOTaL
MalATHIOMs TOTaL
PANATHIOMy TOTaL
BCRs TOTAL
SILVEX. TNTaL
2e+8=2e TOTAL

ToraL

ORGANICS IN dOTTOM MATER]ALS

ALNKIN. TOTAL IN ROTTOM vATFRTAL
CHLOIDANF S TOTAL IN JOTTOM MATEKIAL
DNDe TOTAL (N 30TTOM MATZRIAL

DOFe TOTAL [N 30TTOM Ha TAL

ODTe ToTAL IN 30TTOM MATEwWIAL
DIAZINDNe TOTAL IN wOTTUvM MATFRIAL
DIELDRINe TOTAL IN wOTTOM waTERIAL
STHIONy TOTAL IN ROTTUY MATERIAL
4EPTACHLOR F2GXIVDE T0Te IN AOTTOM MATL.
METHYL PaRATHIINs TUT. [N BOTTOM MATL.
PCHe TOTAL [N 30TTOM MATER]AL

SILVEX. TNTal [N RUTTOM MATERIAL
TOXASHENE s TOTAL [N SOTTOM MATERIA_
2e4=)s TOTAL IN ROTTOM MATFWIAL

REE DY CHEEK

(VEA# VINILAND)

SAMPLES i

TOTAL KMKS | MINIMUM MEIDIAN

M&aJOR CONSTITUENTS AND PRDAERTIES

43 [ | 60 2K”0
48 0 | 4.9 6.2
70 o | 7.0 22.3
35 o | 0 4
13 0o | 1 2
57 0o | 43 142
Al [ 2.5 .3
40 0 | 3.4 11.0
40 [ I leé 3.5
33 [ | (Y} 9.9
35 [} 0.1 2.0
45 0o | 0 r43
«3 0 | Ne3 16.0
LY] [ | 0.0 9.5

VUTRIENTSeIN MILL1GRAMS PER LITVER

33 (U] 0.01 0.07
a2 [ | 0.04 0.29
3% [ | 0.00 0.02
51 [ 0.13 l1.10
28 o | 1.08 1.58
18 o | 0.02 e.08
18 [ 0.01 0.11
3% [ 0.01 0.58
3% [ 0.07 0.62
43 o 4.0 28B40
METALSe IN MICRDGRAMS PER LITER
7 [ | 160 420
16 [ 0 10
9 0 1 2
5 [} 0 10
8 11 0 [}
16 0 1 0 0
9 2 | 0 10
ez LI | 0 8
2 1 1 1 .
29 0o HO 210
10 [ ] 220 370
139 [ 0 3
7 o | 1 2
1 0o 1 0.5 0.5
7 3 0.0 0.2
6 o I 0 2
6 [ 0 0
6 [ 0 0
22 [ | 190 30
7 [ 10 10

11 [ | 0.0 0.0
15 [ 0.00 0.00
15 [} 0.00 0.00
15 [ | V.00 0.00
8 [} 0.00 0.00
15 o | 0,00 0.00
7 [ 0.00 0.00
15 1 1 0.00 0.00
L] [ 0.00 0.00
4 [ 2 0.00 0.00
11 [ 0.0 0.0
13 o | 0.00 0.00
13 [ | 0.00 0.00

13 [ 0.0 0.5
11 o | 0 [3
15 [ | 0.0 0ol
15 [ 0.0 0.0
15 0 1 0.0 0.0
4 [ 0.0 0.0
15 [ 0.0 1.5
e [ 0.0 0.0
10 [} 0.0 0.0
4 0 | 0.0 0.0
11 o | 0 0
11 [ 0.0 0.0
10 o 1 0 0
11 o | 0 0

107

MEAN

288
6.2
2l.6
1%

138
S.7
10.8
3.8
12.1
2.4

16.8
R.9

0.21
0.45
0.0¢
1.05
1.9%
0e17
0.22
0.62
0.70
31.2

0.0
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.00

0.0
0.50
0.00

IN MICROSRAMS PER KILOGRaM

B.2

i2
0.8
0.2
0.7
040
245
0.0
[ 1]
43

21.2
0
0

MAXIMUM

600

28.0
120

240
10.0
17.0

33.0
7.8
71
41.0
2040

2460
3.00
0435
1.90
6.78
1435
220
2,00
2450
73.0

1000

20
10
20

20
40
10
590
450
20

0.5
0.5
10

110
30

0.0
0.00
0,00
0,01
0.01
0,00
0.00
0.01
0.00
0.02

0.0
6,00
0.02

6640

8.8
1.8
8.0
0.0
1440
0.0
0.0
18,0

210.0

DATE
FIRST

62=0R=-21
62-03~21
62~-0R~-21
6$9~07-15
78-06-05
61-05-23
67-05-08
63=07=-2s
63-07-24
62-98-21
62-08-21
62-08-21
63-07-24
63-07-24

T1=11-22
Tl=11-22
T1-11-22
69-10-23
73-11-07
65-05-20
65-05-20
T1-11-22
T1-11-22
70-05-20

68-04~09
T0-08=-217
72-05-09
80-02-09
75-09-02
71-03-01
69-04-09
68-04-09
75-08-05
65=05-20
63-07~2¢
T0-08-27
T6=-05-06
70-08-27
715=-05-06
76=-04%-06
79=-02-05
79=-02~-05
68-04-09
75-08-05

72-02-08
10-08~-27
10-08-27
T0-08-27
71-03-01
T0-08-27
71-03-01
T70-08-27
71-03-01
71-03-01
72-02-08
T1-11-22
71=11=-22

70-12-02
72-02-08
70-08=~27
70~-08-27
70-08=-27
12-02~-01
10=-08~27
73=-06-0¢
72=0a-16
T72=02-08
72-02-08
72-09-0Y
T2-08~16
12-05=-09

DATE
LAST

81=03-19
80=09=02
81=03-1%
T7-10=05
81-03-15%
81=03~15
Bl=03-15%
8l=01~1v
Bl1-01-13
81=-01-13
81-01-13
80=09-02
Bl1-01-13
Al-01-13

81-03-1%
81=03-1%
B81-03-1%
81-03-15
81=03-15
75-09-30
75=01-21
81-03-15
8l=03-1%
81-03-1s%

80=11-03
77=10=053
80-11-03
80-11-03
80-11-03
T7-10-05
80-11-03
77-10-05
80-11-03
77=10=05
80-11-03
17=10-05
80-11-03
70-08-27
80=-11-03
B80-11-03
80-11-03
80-11-03
Tr=-10-05
B0=il-03

80-09=0¢
80-09-02
80=-09-02
B0=09-02
A0=09-02
80=09-02
40-09-02
80-09-02
B0~=09=~02
80-09-02
80-09-02
$0=09-02
80-09-02

80-09-02
80=-09-02
A0=09-0¢
B80-09-02
80=09-02
R0=09-0?
80-09-02
80-04-02
80-09-02
20~09-02
B80-09-02
7I-08-21
80<09-02
73-08-21



STATIOM 0226mar0

CoDfF

Y00R0}
uosend
noolo
woo7n
V0076
10095
uo300
Jo91S
3092%
90930
409135
uo4l10
00940
00945

vosl0
00620
uo6ls
10605
00600
00650
V0A50
70507
00665
00640

ull0%
01000
21002
71012
01027
01032
11036
01040
v10s2
11046
11045
91049
J10S81
71890
71900
01067
Hlls?
nier?
11090
ulng2

39350
33360
133565
339370
39570
13349
3939R
319340
13530
395460
19516
39760
313730

43333
19351
13363
19364
33373
33571
433A3
39399
19423
13601
19519
197h1
13403
13731

SITE 12¢

PROPERTY OR CONSTITUENT

COLON (PLATINUMCORALT UNITS)

PR (INTTS)

TEMPERATURE (hZs C)

TURKRINITY (JTuw)

TURKIOITY (WTU)

SPECIFIC COHOUCTANCE (MITROMHOS)
OXYGENe NISSOLVEN (MG/L)
CALCIUM DISSOLVED (MG/L AS
MAGNZSIUMs DISSOLVEU (MG/L
SODIJMy DISSOLVED (MG/L AS
POTASSIUMe DISSOLVEL (MG/L
ALKALINITY (MG/L AS CACO3)
CHLOXIDE« DISSOLVED (MG/L AS CL)
SIJLFATE NISSOLVED (MG/L A4S SO4)

ca)

AS v6)
NA)

AS x)

NITRIGEN.
NITROGEN.
NITRIGEN.
NITROGEN. OKGANIC
NITRIGEN. TOTAL
PHOSPHATE s TOTAL
PHOSPHATF« OUKTH0s
PHDSPHORUSs DHTHO, TOTAL
PHOS2HORUS TOTAL
CARHINe ORGANICT TOTAL

aMMoNvIa
NITRATE
NITRITE

ToTAL
TOTAL
ToTaL
ToTaL

O1SSULVED

SLUMINUMe TOTA_ HECOVERAILE
ARSENIC NISSOLVED

ARSENIC TOTAL

IFRYLLIUMe TOTAL KECOVERABLE
CanMIUM TOTAL ECOVERABLE
CHROMIUMe HEXAVALENTs DIS.
CHROMIUMe TOTA. RECOVEwA3ILF
COPPERs DISSIOLVED

COPPER, TOTAL 3ECOHVERAYLE
IRDNe DISSOLVE)D

IRON« TOTAL RECOVERAIJLE
LEAD« DISSOLVED

LEAO. TNTAL HECOVERASLE
MERCURY NISSOLVED

MFRCJRY TOTAL RIECOVEIABLE
NICKELs TOTAL ECOVERAHLE
SELENIUMe TOTAL

SILVIRe TOTAL 3IECOVERAHLE
ZINCy DISSOLVED

ZINCe TOTAL RECOVERA3LE

ORGAVICS IN WATER,

CHLOXDANF.»
DLDe TOTAL
ONEe TOTAL
oDTs TOTAL
DIAZINONs TDTAL
DIELIRIN ToTaL
ETHION, TOTAL
LINDAWE TOTAL
MALATHIONS TOTAL
QARATHINN. TOTap
SCue TNTAL
SILVIXe TOTaAL
2+4=)¢ TDTAL

Tovac

ORGANICS IN BOTTOM MATEIIAL.

ALDRING TOTAL 1IN HOTTOM MANER]IAL
CHLORDANE TOTAL IN 30TTOM MATERIAL
NONe TOTaL [N 30TTUM MATZIRIAL

ONFe THOTAL IN 3DTTOM MATZRIAL

DOTs TOTAL IN 30TTOM “ATERIAL
DIAZINOMe TOTAL IN BOTTuv MaATERIAL
DIELDVINs TOTAL IN HOTTOM MATERIAL
STHIONe TOTAL 1o RUTTOM MATERIAL
HEPTACHLOR £PUXIDE TOT, IN ROTTOM vATL,
VETHYL PARATAIDN. TOT. IV BOTTOM MATL,.
BCRe TNTAL IN 30TTOM MATIRTAL

SILVEXe TOT4L IN ROTTuw wMATE]AL
TOXAPHENEs TOTAL IN 3NTTOM MATERIAL
2e4=ds TNTAL IN BOTTO* MATERIAL

OAVINPONRT CWEER

SAMPLES J

TOTAL RMKS | MINIwUM MEDIAN

MAJOR CONSTITUENTS aND PROZEXTIES

32 [ 14 180
41 o ! 3.9 6.7
59 o 1t 10.5 21.0
30 0t 0 2
12 [ 2 0 1
45 0t 79 132
35 0o 1 le4 7.0
23 o 7.0 16.0
23 o 2.6 4ob
ri4 0 3.7 4.5
27 [ | 0.5 1.3
31 [ a 32
3¢ [ 1.2 1.0
35 0ot 0.1 9.6

NUTRIENTSeIN MILLIGHAMS PER LITER

33 [ 0.00 0.03
35 1t 0,03 0,48
31 [ 0.00 0.01
43 [ ] 0.09 0.9¢
23 0 1.23 1.99
12 1t 0,01 0.10
12 0 1! 0.02 0.07
31 o 1 0.01 0,03
3 [} 0.01 0.04
3% [ 3.0 27.5
METALSs IN VMICROGRAMS PER LITER
2 [ T0 a5
15 [ I 0 10
4 0 1 S
2 [ 2 [ [}
2 [ 0 [}
15 [} 0 4
3 [ I 0 i0
18 [ | [ 4
4 2 | 2 6
22 0 10 135
3 0o | 130 140
17 [ 0 1
2 o I 0 0
1 [ | 0.6 0.6
2 [ 0.2 0.3
2 o | [ 2
2 [ ] [ 0
2 [} 0 0
<18 o | 0 20
3 [ 20 20

IN MICROGRAMS PER LITER

11 [ 0.0 0.0
13 [} 0.00 0.00
15 [ 0.00 0.00
15 [ 0.00 0.00
9 [ | 0.00 0.00
15 0 0.00 0.00
| [\ ] 0.00 0.00
15 [ I 0,00 0.00
9 o | 0.00 0.00
9 ot 0,00 0.00
11 [ | 0.0 0.0
i3 o 0.00 0.00
13 [} 0,00 0.00

14 0 ¢ 0.0 0.0
10 [ ] 0 4
13 0 0.0 0.3
13 [ | 0.0 1.0
ls 0 0.0 0.0
5 0 i 0.0 0.0
1e [ 0.0 0.0
3 o | 0.0 0.0
3 [ ] 0.0 0.0
5 [ | 0.0 0.0
10 1 0 [4
12 [ ] 0.0 0.0
Ed [ | 0 0
12 o 0 0

108

vMEAN

183

21.0

1S.4

Se¢
1.3

11.0
10.4

0.04
1,08
0.02
1,086
2425
0.09
0.12
0.0
0.07
0.7

-

NP NODOO WU

0.0
0,00
0.00
0.00
0.00
0.00
0.00
0,00
0.00
0,00

0.0
0.00
0.00

IN MICRO3RAMS PER KILOGRAM

0.0

—
CONGOOm D

OO UONSLFOC WV

MAX [UUM

540
T.7
2900
110

240
9.6
21.0
645
16,0
5.2
45
20.0
32.0

0.16
4.20
0.21
6,50
3.83
0.22
0,57
0.71
0.71
73.0

100
20

20
20

2100
310
10

0.6
0.3

60
30

0.0
0,00
o.01
o.01
0.00
0.00
0.00
0.00
0.00
0.00

0.0
0,00
0.00

@®
o

w
NSO PWODI~

DEEEEEREEEST
NOOUVVNOO OO v

|

-—— e —— -

————— - — -

DATZ
FIKST

698-064-30
69=-04~-09
55-05-04
69-07-15
75-10-28
65-05-04
68-04-30
68-04-09
68-04-09
68-04=-09
68-04-09
68=-06-09
69-04-09
68-04-09

71-11-22
71-11-22
71-11-22
68-10-23
73-11-07
64-04-30
69-06-09
Ti-11-22
T1-11-22
70-08-31

80-05-12
70-0&-31
72-05-09
RO-05-12
80-05-12
71-03-01
628-04-09
68-06=-09
75-08-05
68-04-09
15-08-05
70-08-31
A0-05-12
70-04-31
B0-05-12
80-05-12
A0-05-12
80-05-12
68-04-09
75-08-05

72-02-08
T0-04-141
70-08-31
70-08-31
T1-03-01
70-08-31
71-03-01
70-08-31
71-03-01
71-03-01
72-0¢-08
71-11-22
Ti-11-22

70-08-31
72-02-08
T70-08-31
70-08-31
TN=0H=31
72-02-08
70-08-31
T9=06=-16
72-0H=156
72-02-04
72-02-08
T1-11=-22
72=08=16
T1-11-22

UATE
LaST

Al=03-15
K0=09=-U¢
al-03-1%
77-10-0>
81-03-15
A1-03-1s
8l-03-15
a0-11-03
80-11-03
a0-11-03
80-11-03
80-09-02
80-11-03
80-11-03

81-03-15
81=03-1s
81-03-1s%
81-03-15
81-03-15
75=-08=-05
72-02-03
a1-03-1%
81-03-1%
81-03-15

80-09-02
77-10-0>
80-09-02
80-09-02
80-09-02
77-10-05
A0-09-902
77-10-035
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
T70-08-31
80-09-02
80-09-02
80-09-02
80-09-02
77-10-05
80-09-0>

80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
30-09-02
80-09-02
80-09=02
80-09-02
B0-09-u2
80-09-02
80-09-02
80-09-02

80-09-92
80-09-02
80-09-02
80-09-02
80-09=-02
80-09-02
80-09-02
A0-09-02
80-09-02
80-09-02?
A0-09-02
79-08=21
80-03=92
73-048-21



STATION 02256500

CoDE

V00RO
00400
voolo
vou70
non7Ts
nnnasy
v0300
00915
goves
00930
v093S
u0410
00940
20945

40610
90K20
vosK15S
vos0S
uo600
U0AS0
V0n6K0
70507
00665
N0AKRO

21105
ul1000
u1002
w1012
vlo27
n1032
v103s
01040
010s?
Hloe6
01045
vl049
ntesl
71900
w1067
vllae7
vloT?
11090
uloeg

33350
33360
39365
33370
19570
33380
313308
19340
13530
13540
13516
19760
13730

39333
13351
33363
133AH
33373
313571
133R3
13399
19423
136501
19519
9Th1
136403
3731

SITE 13:

PROPERTY OR CONSTTTUENT

COLOR (PLATINUWCORALT UNITS)
PH (UNITS)
TEMPERATURE
TURARINITY (JTL)

TURRIDITY (MTu)

SPECLIFIC CONUUCTANCE (MICROMAOS)
OXYGENe OISSOLVED (MG/L)
CALCIUM DISSOLVED (MG/L aSs
MAGNESIUMs DISSOLVEN (MG/L
SODIUMe DISSOLVED (MG/L AS
PO0TASSIUMy NISSOLVEDL (MG/L
ALKALINITY (MOL/L AS CACN3)
CHLO?I0E+« DISSOLVED (MG/L AS CL)
SULFATE OISSOLVED (MG/L AS SDa)

(LI C)

ToraL
ToTaL
ToTaL
TOTAaL

AMMONT A
NITRATE
NITRITE
OKGANIC
TUTAL

NITRIGEN
NITRIGEN,
NITROGEN
NITHOREN.
NITROGF!Ie
9HOSOHATEs TOTAL

PHOSIHATEs ORTH0e
PHOSAHOAUS s OHTHO,
PHOSOHORUSs TOTAL
CARRIN, ORGANIC ToTaL

DISSOLVED
ToTAL

ALUMINUM. TOTAL RECOVERAS3LE
AKSENIC DISSOLYVED

ARSENIC TOTAL

3ERYLLIUM, TOTAL RECOVERABLE
CAOMIUM TOTAL QECOVERAWLE
CHROMIUMe HEXAVALENTs OIS,
CHROMIUM, TOTAL RECOVEWASLE
COPPEZRs OISSOLVED

COPPEZRy TOTal RECOVERABLE
IRONe DISSOLVE)D

IRONs TOTAL RECOVERABLE
LEADs NISSOLVED

LEAU+ TOTAL RECOVERA3LE
MERCJURY TOTAL RECOVEIIAGLE
NICKEL+ TOTAL IECOVERASLE
SELEN[UMs TOTAL

SILVER: TOTAL RECOVERABLE
ZINCy DISSOLVE)D

ZINCy TOTAL RECOVERA3LE

ORGANICS 1IN WATER,

CHLORDANEs TOTAL
ODDy TNTAL

OUEs TnTaL

0D0Ts TOTAL
DIAZINON. THTAL
DIELORIN TOTaAL
ETHIONe TOTaL
LINODANE TOTAL
MaLaTHION, TOTAL
OARATHIONs TOTAL
®CRe TOTAL
SILVEXe TOTAL
2e4=Dy TOTAL

ORGANICS IN BOTTOM MATERIAL,

ALDRIN, TOTAL IN ROTTUM MATFIAL
CHLORDANE s TOTAL TN 3DTTOM MATERIAL
DODs TOTAL TN 30TTOM MATERIAL

ODEes TNTAL IN 30TTOM MATERIAL

DOTe TOTAL N 30TTOM MATERTAL
JIAZINNNG TOTAL IN 82TTOv MATERIAL
DIELD®INe TOTAL IN BDTTOW MATFRIAL
ETHIONG TOTAL [N ROTTUM MATERIAL
HEPTACHLNR ERPOXINF TOT. IN ROTTOM vwATL.
METHYL PARATMIONS TOT. [N QOTTOM MATL.
OCHs TOTAL IN 30TTOM MATERTAL

SILVEX,s TNTAL IN ROTTOM wATEXTAL
TOXAPHENE TOTAL IN J0ITOM MATERIAL
2+4=Js TOTAL IN ROTTOM MATEWRIAL

*U.S.

REEDY CREEK

(NEAR LOUSHMYAN)

SAMPLES

!
TOTAL RMKS | MINIMUM MEOTAN

4aJOW CONSTITUENTS AND PROPERTIES

35 [ 20 200
41 0 4 3.6 6.3
650 [ 7.5 22.0
31 [ 1 L3
13 [ ] 1
«3 [ 49 130
37 [ De6 2.8
30 o ! 5.0 13.5
30 o ! 0.5 4.0
30 o 1 4.2 7.3
30 [ 0.6 1.8
33 0 | 0 23
39 [ ] 1.0 14,0
39 o 0.0 10.5
NUTRIFNTSsIN MILLIGRAMS PER LITER
37 0o 1 0.01 0.07
40 o 1 0,00 0.21
34 0o 1 0,00 0.02
46 o | 0.18 1.15
26 [ 0.96 1.70
13 0 | 0.01 0.10
12 [ 0,02 0.10
34 [ | 0.02 0.20
34 [ 0,03 0.23
33 [ | 5.0 28.5
METALSs IN MICROGRAYS PER LITER
6 0o | 40 175
10 [ | ] 10
10 [ | 0 2
S [ ] 0
3 1 0 0 0
13 0 | 0 0
3 1 1 0 10
14 [ I 0 3
E] 2 | ] 3
139 0 1 30 220
9 [} 110 250
13 [ | 0 6
7 o 1 3
L] 3 1 0.0 0.2
7 [ 2 +
6 [ 0 0
7 0 I 0 0
14 [ 10 30
9 [ 10 10

11 [ 0.0 0.0
11 0 i 0,00 0.00
11 0 1 0.00 0.00
11 [ I 0,00 0.00
6 [ | 0.00 0.00
11 o | 0,00 0.00
6 [ 0.00 0.00
11 0 | 0.00 0.00
6 a | 0,00 0.00
6 [} 0,00 0.00
11 o 0.0 0.0
13 [ | 0,00 0.00
13 o 1 0.00 0.00

11 [ 0.0 0.0
10 [ 0 2
11 [ 0.0 0.3
11 o | 0.0 0.8
11 o 1 0.0 0.0
A 0 0.0 0.0
11 [ 0.0 0.0
L3 [ 0.0 0.0
9 0 1 0.0 0.0
6 o 1 0.0 0.0
10 [ 0 0
13 [V 0.0 0.0
10 [ 0 1]
13 o 0 0

109

IN MICROGRAYS PER LITER

MEAN

233
6e3
21.2

143
3.2
1845
4.0
8.5
2.1

13.2
11.1

0.12
0,55
0,02
1.32
1.94
0,18
0.13
0,33
0.38
29.9

N
—

L PP WLWNELOLVY

-

0.0

0,00
0,00
0.00
0.00
0,00
0,00
0,00
0.00
0,00

0.0
V.02
0,02

IN MICROSRAMS PER KILDGRaM

0.0
5

1.7
1.5
0.3
0.0
0.l
0.0
0.0
0.5

2
0.0

0

0

GOVERNMENT PRINTING OFFICE: 1986-631-135/20023 Region 4.

MAXIMUY

600
6.9
29.0
30

233
8¢
140.0
6.9
193.0
S.1
59
24.0
48.0

0.42
6,00
0.06
T.10
T.57
0.75
0,44
2450
3,00
64,0

500
20
30
10
20

30
40
10
640
640
20
52
05
33

0
130
30

0.1

0.00
0,00
0.00
0.00
0.00
0,00
0.00
0,00
0,00

0.0
0.13
0.13

25
12.0
7.0
5.
0.0

i
L

0.0
0.0
3.1

15

=]
.
coe

DATZ
FIRST

%9-11-13
99-11-13
65=05<-0s
€3-07-15
78-06-05
99-11-13
63-04~30
53-11-13
53-11-13
$3=-11-13
59-11-13
59~-11-13
§3-11-13
53-11-13

71-11-22
71=-11=22
71-11-22
68=10=23
73-11-07
68-04-30
63-04-09
71-11=22
71-11-22
70-05=-20

69-04-09
71-08-18
72-05-09
80-02-09
72-05-09
71-08~18
68=-04-09
698-04-09
75-08-05
59-11-13
75-08-05
71-08-18
78-11-27
72-05-09
78=-11-27
78-11-27
Ta~-11-27
6€9=-04-09
75-08-905

72-02-04
72-02-08
72-02-08
72-02-08
72=02-04
72-02-04
72-02-08
72-02-04
72-02-08
72-02-08
72-02-04
T1-11-22
71-11-22

72-02-08
72-02-08
72-02-08
72-02-08
72-02-08
72=-02-08
72-02=-08
75-04-30
72=08<-15
72=-02-0H
12-02-~08
71-11-72
72-08-16
71-11-22

DAlE
LasTt

H1=03-1%
80-09~02
8l1=03-1%
77-10~-05
B1=03~-15
81=03~15
81-03~15
Al=01-17
Bl=01~12
81-01-15
81-01-19
80-09~02
81=-01-1>
Al=01~13

Al1-03-15
8l1=03-1%
8l-03~1%
81-03-1%
8l1-03~15
75-09-30
72~-02-0%
81-03-1%
81-03-15%
81-03~15

80-11-03
77-10-05
BO~-11-0)
80=-11-03
80-11-03
77-10~0>
80-11-03
77-10-05
B0~11-03
77-10-05
80~11-03
T7-10-05
80-11-03
80-11-03
B0-11-03
80-11-03
80-11-03
77-10-05
80-11-03

80~09-0~
80-09-02
80-09-02
80-09-02
80-09~-02
80~09-02
80~09-02
80-09-02
80-09-02
80-09-02
80~-09-02
80-09-02
80-09-02

30-09-02
80-09~-¢y2
B0=09-02
80=09-02
AD=09=-02
R0=09-02
80=-09-02
80~09-02
80-09-02
80-09-02
80-09-02
73-08-21
80-09-02
73-08-21



